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I'masa 1. CnekTpockonus siIepHOr0 MATHUTHOI'O0 Pe30HAHCA

XWMUKU-OPTraHUKM BCE Yalle
IIPUXOIAT K BBIBOJY, UTO B HACTOSILIEE
BpeMsl METOJ SJEPHOT0 MAarHUTHOTO

pe30HaHCa NpPU H3YYEHHH CTPOECHUS

[ OpPraHUYCCKUX COCI[I/IHGHI/Iﬁ

N — s dexTuBHEE YIBTPAPUOICTOBON WM
- MHPpPaKPACHON CIIEKTPOCKOIINH.
Bwmecre ¢ TeMm 3TOT MeTOT HE 3aMeHsIET 60JIee CTaphIX METOJIOB; OHU B3aMHO

JOTOJHSIOT JPYT Apyra.

1.1. SIBJjeHuHe siAEPHOr0 MATHUTHOIO PE30HAHCA

CrekTpockonus  sIepHOTO  MAarHUTHOIO  pE30HaHca —  BHJ
CIIEKTPOCKOIUHU, KOTOpas PErucCTPUPYET NEPEXOJbl MEXAY MarHUTHBIMU
SHEPreTUYECKUMU YPOBHAMH aTOMHBIX SIJIEP, BHI3BIBAEMbIE PAIMOYaCTOTHBIM
usnydyeHueM. TOJbKO s/ipa CO CMIMHOBBIM KBAaHTOBBIM YHCIIOM |, OTJIMUHBIM
oT «0», MoryT BbI3bIBaTh curHai SIMP, wiu ObiTh akTUBHBIMU B SIMP.

CnMHOBOE KBAaHTOBOE YHMCJIO SIIpA OMPEIEISAETCS YUCIOM MPOTOHOB U
HEUTPOHOB B siApe. CylecTByeT SMIUPHUUECKOE MTPABUIIO:

1) | paBHO «0» TS SIEP C YETHBIM YUCIIOM MTPOTOHOB M HEUTPOHOB;

2) | paBHO 1ensiM unciaMm (1, 2, 3...) i siAep ¢ HEYCTHBIMU YHCIAMHU H
IIPOTOHOB, U HEUTPOHOB;

3) | paBHo mosynenasiM uucaam (1/2, 3/2, 5/2 u t.1.) A saep ¢ YeTHBIMU

quciiaMu IIPpOTOHOB U HCYCTHBIMU YU CJIAMHU HCfITpOHOB n HaO60pOT.



B 1mpunoXxeHHOM MAarHMTHOM IIOJIE€ C HAIpPsHKEHHOCTBhO Ho sAxpo co
CHUHOBBIM uucioMm | moxeTr npunumats 21 + 1 opuenTanuil (Wi 3aHUMATh
21 + 1 osHepretnueckux ypoBHei). KomudecTBo 3Heprum, Ha KOTOPOE
OTJIMYAIOTCA ATH YPOBHHU (Pa3HOCTb SHEPrUil ypOBHEMH), BO3pPACTAET C
Bo3pactanueM Hp, ogHako mpu gaHHOM 3HaueHMd Hg pa3HOCTH 3HEPrUii
MEK1y ABYMS COCETHUMH YPOBHSIMU €CTh BEJIMYMHA ITOCTOSIHHAS.

PazHocTh »sHepruii aAByX cocenHux YypoBHedH AE omnpenensercs

BBIPAXKCHUECM.

AE = Hoy h/2n rae Y — THPOMAarHuTHOEe (MarHUTOTHPUYECKOE) OTHOIICHUE,
MOCTOSTHHOE TS JaHHOTO n30Toma; Ho - HApsHKEHHOCTh BHEIIHETO MArHUTHOTO 1OJIsT; N -

nocrogdHas [lnanka.

\
H, H, Hy Hj

IIPUJIOKEHO YCHJICHO MPUIOKECHO YCHJICHO

"l_ +1/2 “_ +1
; 0e3 1o /—' E 0e3 1o "__'
e R4 .
& — AE 5 AE 5 <SS
= N fﬁ N
Q)] — ~—

\‘_ _1/2 — _l

1=1/2 1=1

Puc. 1.1. Obpa3zosanue ypoguell 3Hepauu 0pa npu HAIOHCEHUU BHEUIHe20 MACHUMHO20
noaa Ho.

B cymocTH, sxcniepument SIMP coctoutr B TOM, 4TOOBI COOOIIUTH

OHCPIruro AJpy U ICPCBCCTH €0 C OAHOI'0 JHCPICTUYCCKOIO YPOBHA Ha



npyroii, 6osee BeICOKUH ypoBeHb. [lockonpKy TouHoe 3HaueHue AE 3aBucut
OT  MOJIEKYJSIPHOTO  OKPYXKEHHS  BO30YyXKIaeMoro  sjpa, HMEeTcs
BO3MOHOCTH CBsi3aTh BenuuuHy AE co cTpoeHreM MOJIeKyJbl U B KOHEYHOM
UTOTE ONPEIETUTh CTPYKTYPY BCEl MOJIEKYJIBI.

K ckazanHoMy ciieryeT 100aBUTh Cleayolee:

cucnanvl 6 cnekmpax AMP mo2cym Oaeamb moavKo A0pa amomos,
001a0arwux Heuemusvi;M CHUHOBbIM YUCTIOM.

Takum oOpa3om, HanboJee pacnpoCTpaHEHHbIE M30TOMBI yriepoia
2C, kucmopoma °0 wm mHOrme apyrme, Hampumep, ACHTEpHH, SABIAACH
HEMarHUTHBIMH, HE peructpupyrorcsa B AMP-cniekrpax.

U3 a0ep amomos, nauboee yacmo 6Cmpedaouuxcs 8 OpeaHudecKux
COCOUHEHUSX, MACHUMHBIM MoMeHmom obaadarom uzomonst *H, ¥C, °F, 31P,
15N, 170,

Cnexrpockormust SAIMP ucnons3yercs s perucTpauuy CUTHAJIOB
JaHHBIX  sAep. HawOonbliee  pacmpocTpaHeHWe B HCCIEIOBaHUU
OPraHUYECKUX BEIIECTB HMMEET CIEKTPOCKOMUSA IMPOTOHHOIO MArHUTHOIO
pesonanca (IIMP, SIMP 'H) u SIMP na sapax uzorona 3C (AMP 3C). Dtu
BUJIBI CIIEKTPOCKOIINU U OyIyT pacCMaTpUBaThCS B JAHHOM ITOCOOUH.

Teopus sIepHOr0 MarHUTHOTO PE30HAHCAa JETalbHO OOCYXKJIEHa B
MHOTOYHCJICHHBIX PYKOBOJICTBAX M MOHOTpadusax, MPUBEACHHBIX B CIIHCKE
auTepatypbl. Mbl OCTAaHOBUMCSI Ha OCHOBHBIX MOMEHTAaX, HMEIOIIUX

IMPAKTNYCCKOC 3HAYCHUC.



1.2. IlpoToHubIii MarHuTHLIA pesonanc (IIMP), wiu AMP H

Jnsa uccnenoBanus ¢ nmomombio AMP criektpockonuu, Kak IpaBuio,
BEIIECTBO PACTBOPSAIOT B MOAXOAsAIIEM pacTBoputene (ogHako SIMP-anamm3
MOHO TIPOBOJIUTH U B TBepaoH Paze). Jlnsa ananuza Heooxoaumo ~ 10-20 mr
oOpa3na. [IpuroToBiieHHBINA pacTBOP MOMEMIAIOT B aMITyly 00beMoM ~ 0.5 mi
Y TUAMETPOM S5 MM.

Br16op pacTBOpUTENSA ONIPENEIIAECTCS PacTBOPUMOCTBIO
aHAJIM3UPYEMOro BEUIECTBA M HAWOOJEEe IMOJHBIM pa3/IeI€HUEM CHUTHAJIOB
pPE30HaHCa BEIIECTBA U PACTBOPUTEIIS, €CIU MOCIEIHUN COACPKUT sAapa, 110
KOTOPBIM IIPOBOAUTCS peructpanus crnekrpa SAMP. [ina nposenenus ananusa
yIOOHO HCIONb30BaTh JEHTEPUPOBAHHBIE PACTBOPUTENH, IOCKOJBKY
neutepuid He naer curHana B crekrpe [IMP. Onpnako 3tm pactBopurtenn
COZEpP/KAT OCTAaTOYHBIE KOJMYECTBA IIPOTOHOB, KOTOPBIE MAKOT CUTHAJIBI
HeOONbIION HHTeHCUBHOCTH. B Tabmuue 1.1 mnpuBeneHsl naHHBIE O
xumudeckux capurax ‘H um  BC  mambomee wacTo HMCHONB3yeMBIX
pPacTBOPUTEIICH.

Tabmuma 1.1.

Xumnueckue casuru* H u 3C naubonee yacTo ncrnons3yeMsix

pacTBOpUTEIIECH

PacTBopuTEb H 13C
YKCYCHAasi KUCJIOTa-0y 11.53; 2.03 178.4
arieToH-Os 2.04 206.0; 29.8
areTOHUTPHI-U3 1.93 118.2; 1.3
oenzoun-ds 7.15 128.0
YETBIPEXXIJIOPUCTHIN YIIIepOs 96.0
xsopodopm-d 7.24 77.0




[Tponomxenue Tadbmwmmpl 1.1

PacTBOpHTEND H 13C

aumeTrihopMaMua-dy 8.0; 2.91; 2.74 162.7; 35.2; 30.1

auMeTIICyIb(hokrcua-ds 2.49 39.5

MeTaHoI-04 4.78; 3.30 49.0

XJIOPUCTBIA MeThIeH-0; 5.32 53.8

HUTpOMeTaH-03 4.33 62.8

TeTparuapodypan-ds 3.58;1.73 67.4;25.3

Tonyon-s 7.09; 7.00; 6.98; 2.09 1975 1269, 4280
125.2; 20.4

* BeanunHBI XUMHYECKUX CABUTOB IIPHUBCACHLI 110 IIKAJIC 8, B M.I.

AMmyny ¢ 00pa3snoM NOMEMIAIOT MEXIy MOJICAMH CHIIBHOTO
MarHura. B MarHMTHOM II0J€ NPOTOHBI MIHOBEHHO OPHUEHTHPYIOTCS B
HanpasieHun nosusd Ho (mogoOHO MaJeHbKUM CTEp:KHEBBIM MarHutam). B
MEPBbIII MOMEHT IOCJIE€ BHECEHMsI 00pa3la YHCIIO sIep, OPUEHTUPOBAHHBIX

BJIOJIb TIOJISI M IIPOTHUB 1oJIs1, oguHakoBo (50% Ha 50%) (puc. 1.2).

<«—— «nv HacTtoTa v

aHeprus saep

B OTCyTCTBME NoNA

B MarHUTHOM norne

Puc. 1.2. Opuenmayusa npomonog noo oeilicmauem eneuine20 mazHumHoz2o nois Ho.

Bcenencrteue oOMeHa 3Heprued Mexy cUcTeMaMH sjep («CIUHOBY») M UX
OKpPYXXEHUEM («PELIETKON») YHUCIO SAEp Ha HWKHEM 3HEPreTHYECKOM

YpOBHE JOCTAaTOYHO OBICTPO BO3pPACTACT 0 BEJIUYUHBI, UyTh OobIiiei 50%.




[IpoTOoHBI, OpUEHTHUPOBAHHBIE BAOJL MOJSA, HAXOIATCS B 00Jie€ HU3KOM
SHEPreTUYECKOM COCTOSIHUM, YE€M TMPOTOHbI, OPUEHTUPOBAHHBIC MPOTHUB
MAarHUTHOTO TOJIA.

Mpbl moOMHHMM, 9TO B KOHe4HOM uTore AE = hv; 3To o3HauaeT, 4TO
JNOJDKHA CYHIECTBOBATh TakKas YacTOTAa BJIEKTPOMATHUTHOIO W3ITyYEHUS,
KOTOpasi OKAaXXETCSl PaBHOM pa3HOCTH DJHEPruil Mexay O0osiee BBICOKUM
HSHEPreTUYECKUM COCTOsIHUEeM siipa (opueHTauus npotuB Hp) u OGoiee
HU3KHM €ro coctosgHueM (opueHtanus Baoib Hp). Ecim Ha  samapo
BO3JIECTBOBATh UMEHHO 3TOM 4acTOTOM, OHO OyAeT B3aWMMOJIECHCTBOBATH C
U3JIy4YCHUEM U U3MEHUT CBOE DHEPIeTUYECKOE COCTOsAHUE. Te sapa, KOTOphIe
HaxXOJIUJIUCh B 00Jiee BBICOKOM HSHEPreTUYECKOM COCTOSTHUM, MEpEeuIyT Ha
HUKHUN  YpOBEHb, M HaoO0O0poT. OJHAKO, TMOCKOJbKY Ha HIXHEM
HSHEPreTUYECKOM YPOBHE CYLIECTBYET HEKOTOPBIM M3OBITOK fnep, B Ooiee
BBICOKOE IHEPreTUYECKOE COCTOSIHME Mepeiier Ooblliee 4uciao saep, U B
pe3yJbTare B3aUMOJCHUCTBUSL SIIEp C HU3JIYYEHHEM JAHHOM YacTOThI
MMPOU30MJET TMOIVIONIEHUE DJIEKTPOMATHUTHOTO U3NIydeHus1. VIMEHHO 3TO
IIOIJIOLIEHUE U BBI3bIBAET curuai SIMP.

Tounoe 3HaueHue wacmomuvl, KOMOPAs Gbl3blEAEM NEpexo0bl MeHcoy
SHEepeemuyecKUMU YPOGHAMU OAHHO20 A0pd, HA3LIBAEMC Sl DPEe30HAHCHOU
yacmomotu 3mozo A0pa.

Pe3onaHca MOXHO [OCTHYh W JAPYIMM IIyTEM: OCTaBJsAA YacTOTY
MOCTOSIHHOM, MEHATh HANPSXKEHHOCTh MAarHUTHOTO moJis. Bo MHormx
cnekrpomeTpax SIMP ucnonb3yroT reaeparop ¢pukcrupoBanHoi yactotsl 200,
300, 400, 500 u maxe 800 MI .

JIns cyliecTBOBaHUS pPa3ivyus B 3aCEJIICHHOCTH HSHEPreTUYECKUX
ypOBHEN HEOOXOIUM MEPEHOC IHEPTUHU MOJICKYJISIPHOTO JBUXKECHUS HA CIIMHBI

AAEp. Pa3znuuue B 3aC€I€HHOCTHM BO3HHMKACT TOJBKO B TOM ci1y4dac, c€Clu



IIOCJIE HAJOXEHUs MarHUTHOrO MOJiA, T.€. C TOFO MOMEHTa, KOrja sjapa
OKaXyTCs B MAarHMTHOM IIOJI€, IIPOXOJUT HEKOTOPOE BpeMs. OTO BpEMs
HAa3bIBACTCS 6PEMEHEeM CRUH-DEULeMOYHOU PEeNaKCayuul.

BenmnunHa BpeMEHHM CIIMH-PELIETOYHOM pelakcallid HMMEET Ba)KHOE
3HaueHue. Ecnm Bpemsi penakcauumum Mano (y siaep OBICTpPBIM mepeHoc
sHepruu), To  curdan SAMP ymupenHsiidi. bonemoe BpeMsi penakcanuu,
HarmpuMmep, y sgep °C,  Takke 3aTpyAHAET HaOIIOJIEHUE CHTHAIOB
MOTJIOIIEHHSI: CTOJIb Ba)XHOE JUIsl PE30HAHCA pa3/Inuue B 3aCEICHHOCTU
YPOBHEW MpU HAJOKEHUH OTHOCHUTEIIBHO CHJIBHOTO NEPEMEHHOr0 MO
BbIpaBHUBAETCA ObICTpEE, YE€M €ro yjaaercs OOHapyKWUTh (CUTHAN Kak
TakoBOM ncuesaet). IlocineaHee 0OCTOSITENHCTBO ABISETCA OJJHOM U3 IPUUUH

Oosiee HM3KOI 4yBcTBUTENRHOCTH MeToaa SIMP *C mo cpasrenuio ¢ SIMP

H.

OCHOBHBIMM XapaKTEpUCTUKaMU CIIEKTpoB AMP sBistoTcs:

® XUMUYECKUU CIBUT,

® MYyJIbTHUIUIETHOCTb,

® KOHCTaHTa CIHH - CHMHOBOTO B3aUMO/JICUCTBUS;

® [UJIOILIAJb CUTHAJIA PE30HAHCA.

OTH XapaKTEPUCTUKH 3aBUCIT OT XUMUYECKOTO OKPYKEHUS JAaHHOTO spa
WU TPYNOIbl siep, OT YUCIa COCEIHUX SAep, 00JalarouuX MarHUTHBIM
MOMEHTOM, OT WX OTHOCHUTEJIBHOTO PACIIOJOKEHHS, a TaKXKe OT YHucia

AHAIM3UPYEMBIX SIIEP B PA3JIMYHBIX CTPYKTYPHBIX ()parMeHTaxX MOJIEKYJIbI.
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1.2.1. XuMH4yecKuii cABUT

Pasznocms nonoowcenus cuenana O0amnoco npomoHa U NOJIOHCEHUE
CUCHANA CMAHOApmMa HA3bIBAEMCS XUMUYECKUM CO8U2OM OAHHO20 NPOMOHA.

B kadecTBe cTaHAapTa dYalle BCErO HCIOJIB3YIOT TETPAMETUIICUIIAH
(TMC) Si(CHj3)4. 3anch IMP-criekTpa mpoBOAsST TakuM 00pa3oM, uToObl Ho
BO3pacTtayio cieBa HampaBo. [Ipu 3ToM xumuueckuid casur curHaia TMC
MIPUHUMAIOT 32 HOJIb, U PETUCTPUPYETCS B HanboJiee CHIIHHOM ToJie (TipaBast
4acTh CHEKTPa).

B mnpaktuke fMP-anHamn3za XUMHUYECKMM CHBUT BBIPAXAKOT B
MWIUTHOHHBIX JOAsX (M.1.) U 0003HA4arOT CHUMBOJIOM «O0». XHUMHUYECKUE

CABUT'H HC 3aBHUCAT OT pa60qeﬁ YaCTOThI CIICKTPOMCTpaA:

8 = Av-10%/ pa6ouas yacrora npuéopa, (I'n)

Oxka3zanoch, 4YTO XHUMHYECKHE CJIBUTH TPOTOHOB OPraHUYECKUX
COCAMHEHUN PA3JUYHBIX KJIACCOB JIEKAT B Pa3HBIX 00JIACTSIX U, TaKUM
oOpa3zoM, 1o mosiokeHuto curHaiga SAMP MoXHO ompenenuTs CTpOCHHE
BelecTBa. Huke mpuBeneHbl 0000IIEHHbIE 00JaCTH XUMHUUYECKUX CIBUTOB

POTOHOB.
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Anvuuknuyeckne coeguHeHus

B-3amelueHHble anudaTnyeckme
coeVHEHNS

AnNKUHbI

a—MoHo3amMelLLeHHble
anudaTmyeckne coeguHeHus

a—[lM3ameLlLeHHble anvlq)amqecme coegnHeHunA

AnkeHbl

Apoma‘rwqecn(me n
reTepouunKknn4yeckme coeguHeHns

Anbaernapl

Obobwennvie 001aCMU XUMUYECKUX COBULO8 NPOMOHOS.

OTr kakux (PaKTOPOB 3aBUCHT IMOJIOKEHHE CUTHAJA (BeJMYMHA
XHMHUY€CKOIro CIBUIra) MpoToHa?

Jlns oTBeTa HA OTOT BOMNPOC HEOOXOAMMO CielaTh HEKOTOPHIE
yTouHEeHHUs. Jleno B TOM, YTO MarHUTHOE MOJIe, B KOTOPOM HaXOJIUTCA
JAHHBIN MPOTOH, BXOJISIINA B COCTaB MOJIEKYJIbI, PEAKO ObIBAET TOYHO PaBHO
Ho. BMecTo Hero Ha mpoToH aencTByeT 3 ¢pektuBHOE mosie H,pg, HECKONBKO
ommyaromeecs ot Ho. Ilpunoxennoe none Hg 3acTaBisieT 37€KTPOHBI
AJEKTPOHHBIX O000JIOYEK ITUPKYJIUPOBATh BOKPYT sApa, HHAYLUPYS TEM
caMblM MAarHuUTHOE MOJie, HampasieHHOe NpoTuB Ho. B pesynbrare siapo
OKa3bIBACTCA AKPAHHPOBAHHBIM OT MOJHON HANPSKEHHOCTU MPHUIIOAKEHHOTO
MarHuTHOro nmojsi. Takum 00pa3oMm, CTENeHb OSKpPaHUPOBAHUS —slpa
WHIYIIUPOBAaHHBIM MArHUTHBIM TIOJIEM MPH YMEHBUIEHUU BJIEKTPOHHOU
IJIOTHOCTH Ha sJIpe JOJKHA YMEHbIIaThesa. OTCI0/1a MOKHO C/IeJaTh BaXKHBIM
BBIBOJI: CMMeNneHb IKPAHUPOBAHUSL I0PA AmMOMa 8000p00a (NPOMOHA) 3A6UCUM

om 3IeKMPOHHO20 d¢hhexma Opy2ux epynn, NPUCOeOUHEHHbIX K MOMY Jice
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amomy yenepooa. OOHAKO HA BENUHUHY XUMUYECKO20 CO8U2A OelCmBYIom U
opyaue pakxmopoi.

Tak, curHan napa-nmpoTOHOB B MOHO3AMEIIEHHBIX OEH30JaX
CABUTAeTCs B clabble MO TMOJA JCHCTBHEM JJIEKTPOHOAKIIETITOPHBIX
3aMECTUTENICH U - B CUJIbHBIC MOJISI TIOJ] IEHCTBUEM AJIEKTPOHOJOHOPOB (PHC.
1.3). [TonoxeHune CUTHAIOB Opmo- U Mema-NpOTOHOB 3aBUCUT HE TOJBKO OT
AJIGKTPOHHOM TJIOTHOCTH Ha COCETHEM aTOME YTIiepoja U MEHsIETCS HE CTOJIb

3aKOHOMEPHBIM 00pazoM.

CHj OH
| =
H] 77 [H]7o3 [H]eo

Puc. 1.3 Xumuueckue cosucu napa-npomonos 8 MOJEKYIAX HUMpOOeH301d, MOJIyoId,
Genona.

3amanue
OOBsicCHUTE HW3MEHEHHWE BEIWYMHBI XUMHUYECKOTO CJIBHTa IIPOTOHA

(oTMeueH KUPHBIM HIPU(PTOM) B CISAYIOMIUX 3aMEIIEHHBIX TUKJIOTeKCEHA:

% '

S} O...

Silon-lie .
H 7.31 H 4.73

H 4.42

BenuuuHa XMMHYECKOTO C/BMIa HE BCEraa MOXKET ObITh OOBACHEHA
YBEJIUUEHHEM WIIU CHUKEHHEM DIIEKTPOHHOM IIOTHOCTH.

Tak, SIEKTPOOTPHMIATENLHOCTH aTOMa yrIepoja MeHseTcs B
cnenyromeM pany: Csp?® < Csp? < Csp.

B cuily 5TOr0 MOKHO OBLIO OBl OKHATh, YTO B PSALY ATaH - STUIEH -

aleTUJIeH, TPOTOHBI alleTUiIeHa OyyT Hanbosee Ae33KpaHupoBaHbl. OgHAKO
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5T0 He Tak. [IpoToHBl ameruieHa HaubOoNee O3KPAHUPOBAHBI: CHTHAI
HaOmogaercss nmpu 1.8 M.a. Ota «aHomanus» OO0bscHseTcd 3PphekTom
AUAMATHUTHOM AHM30TPONMU - SKPAHUPOBAHUE UNU OE3IKPAHUPOBAHUE
A0pa 6 3A6UCUMOCMU OM OPUEHMAYUU MOJIEKYAbl NO OMHOWEHUIO K
GHeWHeMY MASHUMHOMY ROJIIO.

Obunactu SKpPaHUPOBAHUS U N€39KpaHUPOBAHUS IS
MarHUTHOAHU3OTPOIIHBIX TPyHH OOBIYHO H300pa)kalOT IPHU IOMOIIU TaK
Ha3bIBAEMBIX «KOHYCOB aHH30Tporum» (puc. 1.4 - 1.6). Paccmotpum siBneHne
JUaMarHUTHOW aHU30TPONMH HA PUMEPE alleTUIICHA.

Mornekyna aneruieHa JHWHEWHA, W TpOWHAas CBSI3b CHUMMETPUYHA
OTHOCUTENIBHO OcH. Ecim 23Ta CBSA3bp Hampasi€Ha BJOJIb BHEIIHETO
MAarHUTHOTO TOJIS, TO T-3JEKTPOHBI CBSI3U MOIYT LHPKYJIMPOBATH IOJ
NpSAMBIM YIJIOM K BHEIIHEMY MAarHUTHOMY IIOJIO, CO37aBas COOCTBEHHOE
M0JIe, HANpPABJICHHOE IPOTUBOIOJIOKHO BHEIIHEMY MArHUTHOMY IMOJIO.
[lockonbKy aleTUJIEHOBBbIE MPOTOHBI HAMpPABIEHbl BIOJIb BHEIIHETO
MAarHuTHOTO TOJISI, HMHAYUMPOBAHHOE MAarHUTHOE Ioje OyJaeT ux

sKpaHupoBath (puc. 1.4).

==

Puc. 1.4. 3onul sxpanuposanus (+) u desskpanuposanus (-) 6 ayemuiene

C apyroit ctopoHsl, MarHuTHas annu3oTponuss C=0O rpynn NpuBOIUT K
CWIBHOMY JI€39KPAaHUPOBAHUIO aJIBJIETHAHBIX TPOTOHOB (& ~ 10 wm.m.),
IIOCKOJIBKY 3TH MPOTOHBI OKa3bIBAIOTCS B JAE€33KPaHHUPYIOUIEH 4YacTu

WHIYITUPOBAHHOTO MarHUTHOTO moJis (puc. 1.5).
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H,_{\ H%. .
- é + ; - - -
0 5-7 m.x. 09-10 m.11.

Puc. 1.5. 3onvt skpanuposanus (+) u oezsxpanuposanusi (-) 8 arboe2udax u aiKeHax

Eme omamMm mnpuMepoM JMAMAarHUTHOW aHU3OTPOIUU  SBJISIETCS
«@dexT kompleBoro ToKa» (puc. 1.6, TaM ke u300pakeH KOHYC
aHM30TponMM  O€H305la),  KOTOpPBIA  OTBETCTBEHEH  3a  CHJIBHOE
JI€39KpaHUPOABHUE TPOTOHOB OEH30JIBHOTO KOJIBIIA.

Hg

‘lll.l.‘\'

'T' 7.27 ppm

Q

Puc. 1.6. Konvyesoii mox 6 benzone. Konyc anuzomponuu 6ensona

OdeHb sipKue MPUMEPHI IKPAHUPOBAHUS U JIE3IKPAHUPOBAHUS 32 CUET
KOJIBLIEBOTO TOKAa JAalOT HEKOoTopble aHHyJeHbl. [lpu -60°C mpoToHBI
CHapyku Koibla |[l18]-aHHyleHa CHUJIBHO [E€33KPAHUPOBAHBI, a BHYTPH

KOJIbIIa — CHJIBHO dKpaHUPOBaHbI, Oojiee, ueM npotonsl TMC (puc. 1.7).

[18]-aHHyneH

Puc. 1.7. Xumuueckue cosueu npomonosg [18]-anuynena
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AHu3oTponHeIM 3(¢(HEKTOM B TOW WM WHOM CTENeHu 00IanaloT BCe
IPYIIIBI U CBSA3U. AHU30TPOIUS OJMHAPHOM CBSI3U 00YCIOBIMBAET Pa3HUILY B
MOJIO)KEHWM CUTHAJIOB aKCHAJbHBIX W OSKBATOPHAJIBHBIX B JKECTKHUX

[IUKJIONCKCAHOBBIX crcTeMax (puc. 1.8)

Puc. 1.8. Jle3oxpanuposanue 3k6amopuaibH020 NPOMOHA 8 HCEeCMKOM WeCmUYIeHHOM
yukie

Takum 06p2130M, IMOJIOKCHHUEC PC30HAHCHOI'O CHUI'HAJIa OIIPCACIACTCA
COBOKYIIHOCTBIO BHGKTPOHHOﬁ INIOTHOCTH BOKpPYI' paCcCMaTpuBaACMOI'0O

MPOTOHA ¥ aHU30TPOIHBIX 3(P(PEKTOB COCETHUX TPYIII.

3M1mpnqec1me KOHCTAHTBI JKPAHHPOBAHUA

M3BeCTHO HECKOJIBKO YAAuHBIX TMONBITOK COCTABUTHh  TaOJHIIBI
«KOHCTAHT  DKPAHUPOBAHUS»  PA3TUYHBIX  (PYHKIMOHAIBHBIX  TPYIIII.
OcHoBHasi wuAes JOTUX TMOMBITOK COCTOMT B TOM, 4YTO KaXJOu
(GYHKIIMOHATBHOM TPYMIE MPUMUCHIBAIOT HEKOTOPOE YHUCIO (MHKPEMEHT),
OTpaXKarollee BJIMSHUE TaHHOW TPYMNIbI Ha XUMHUYECKUM CIBUT; BIIUSHUE
nByX (wim Oomnee) (QYHKIIMOHANBHBIX TPYNI HAXOASIT CYMMHUPOBAaHUEM
UHKpeMeHTOB. Hampumep, ecium rpynna X BbI3bIBAET HU3MEHEHHE
XUMHUYECKOTO CABHUra Ha X M.J., a rpynna Y — Ha Y M.JI., TO BEJIUYMHA
xumudeckoro casura rpymnmbl X-CHp-Y Oyaer 3aBucets oT (X + Y) M.
OnucaHHbli TOAXOJ HWHOTJAAa Ha3biBaeTca «mpasuiioMm [lynepu», oHO

3aKJIIOYAETCS B TOM, YTO HMHKPEMEHTHI I KakAoW (PYHKIIMOHAIBHON
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IPYIIbI, CBA3aHHOW C METWJIEHOBOW I'PYIIIOW, CKJIAJBIBAIOT C XUMUYECKUM
cneurom Metana (0.23 wm.a.). Haiinennas cymma mnpeactaBiisieT CcoOOOM
MPEJCKA3aHHYI0 BEJIMYMHY XUMHUYECKOTO CJIBUTa MPOTOHOB METHJICHOBOM
rpynnsl. Hanmpumep, BkJIaa B XUMHUYECKMM CABUT JUIsi OpoMa COCTaBIIsET
2.33, a g xjopa — 2.53, MO3TOMY OXXHJAEMO€ 3HAYEHHUE XUMHUYECKOIO
CJIBUTa METHJICHOBBIX MTPoTOHOB B Br-CHjy- Cl cocraBut 0.23 +2.53 +2.33 =
5.09 m.a., 9yTO BechbMa OJIM3KO K M3MEPEHHOUN BeIWYMHE, paBHOU 5.16 m.n.
[TonoOHBIM MOAXOA HCHOJNB3YETCSd W I pacueTa XUMHUYECKHUX CJIIBUTOB
MIPOTOHOB B 3aMEILIEHHBIX OeH30Jia. TaOauibl MHKPEMEHTOB MPUBOJISTCS B

crienuanbHoOM auteparype [1, 2].

Eme Pa3 0 XUMHIECCKOM CABHUI€. MarauTHasi HeOKBMBAJIEHTHOCTh
Mo XUMHYE€CKOMY CABHUTY

B O6H_[€M, IIPOTOHBI B  BCIICCTBE MOI'YT OBITh «MarHUTHO
OKBUBAJICHTHBIMHU» HIIM «HU30XPOHHBIMHW» MW JAdaBaTb OJWH CHIHAJI H -
«MAarHuTHO HEOKBHUBAJICHTHBIMMI)) (HCH?;OXpOHHI—;IMH).

[IpuMepbl MarHUTHO KBHBAJICHTHBIX MPOTOHOB (BBIACICHBI KUPHBIM

mpudTom):
cl. H
c=C
Cl H 11 - muxmopaTeH
cl cl
H H
H H HTH e
H H H H
H H Br H
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Knaccuueckum MNpuMCPOM  AHU30XPOHHLIX ITOTOHOB (MaFHI/ITHO
HCBKBI/IB&]’IGHTHI)IX) ABJIIOTCA IIPOTOHBI METHUJICHOBOM I'PVIIIIHL, CBSI3aHHOM C

XHpaIbHBIM EHTPOM, KaK, Harpumep, B 1-6pom-1-xmop-proprpomnane.

H |/|3OXpOHHbI, OT TpeX NPOTOHOB OAUH CUrHan

1-6pom-1-x10p-propnponan

[Ipotonsl MeTHIIeHOBOM rpymmbl B 1-Opom-1-xmnop-dToprpomnane
SBJISIIOTCSL  IMACTEPEOTONHBIMU. J[MacTepeoTonHble TPYHIbl — TPYIIIbI,
HaxoJsIIMEeCs B JUACTEPEOMEPHOM OKPYKEHUHU. 3aMEHa OJIHOM W3 HUX Ha
JIPYTYIO aXUpaIbHYIO TPYIITY IPUBOAUT K 0Opa30BaHUIO IMacTEpeoMepa.

Xumuueckue cosuzu ouacmepeomonHvlx NPOMOHO8 PA3TUYHDBL.

JnactepeoTonHble MPOTOHBI MOXHO OIO3HATh, MPOBOJS 3aMEIICHUE

Ha JICUTEPUI; B PE3yJIbTATE JOJDKHBI NIOJIy4aThCs THACTEPEOMEPHI:

Hwuoxe npuBeneHsl mpuMepsl aHU30XPOHHBIX SJIEP:

e} H H H
H Cl H H H,C O
e=c A<y HesoH " O‘O
/ \ 3
H H,C H r®
CH3 3 H3C Cl
Cl H

3aganue
VYkaxute s KaxkAOro U3 CICAYIOIIMX COCIUHEHUM, OIWHAKOBBI JIH

XUMHUUYCCKUC CABUTH IIPOTOHOB, BBIJICJICHHBIX Y XUPHBIM H_IpI/I(i)TOM.

HH H Chs H  CHs H CHs
H C-CH @) H3C~C~C—CHs ) c=c @ (4) HeC-C-C-C-CH; (5)
H H H Cl HyC  H H H Br H
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1.2.2. CnUH-CINHOBOE B3aUMO/IeiiCTBHE

Curnanel TpoTOHA (TPYIIBI TPOTOHOB) B CHEKTPE MOTYT OBITh
OpPEICTaBICHbl B BHJIE OAMHOYHOM JIMHUM (TaKOM CUTHAJl Ha3bIBACTCS
«CHHIJIET») WM B BUJIE€ TPYNI JIUHUI.

Ecnmu curnan mnpeacraBieH B BHIE JBYX JIMHUKA OMNPEICIICHHON
MHTEHCUBHOCTH (cM. puc. 1.9) — curHan Ha3bIBaeTCs «IyONeT»; B BHIE TPEX
JUHUNA — «TPUIUIET», B BHUJE YETHIPEX JMHUN — «KBaJAPYIUIET», WU
«kBapTeT». CUrHaia MOXKET OBbITh MPEACTABICH T'PYNNON U3 IECTH U Oojee

HHHHﬁ, B 3TOM CJIy4acC roBopAT O MYJIBTHUILICTC.

Ik

: (a) (6) v (B) - M

Puc. 1.9. Cuenanvt AMP *H: a — cunznem (o6osnauaemcs c., S); 6 — dybnem (0., d.); 6 —
mpuniem (m., t.), e— keadpyniem (xs., .)

Kaxnas nmuaust 11000r0 MyJIbTHIUIETa OYJIET OTCTOSTH OT COCETHUX
JIMHUHM TOTO K€ MYJIbTUILIETA HA OJTHO M TO € YUCIO0 repu. NHTEHCUBHOCTD
JUHUN KaXJI0T0 MYJIbTHUIUIETa MOKHO TOJIYYHTHh U3 TAOJIHUIIhI, HA3bIBACMOU

TpeyroibHukoM Ilackans (tabmuua 1.2).
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Cpazy e OTMeTHM, KakuM OOpa3oM OIpPENeNseTCs IOJIOXKEHUE
CUTHAJIOB (XMMHYECKHI CIBUT) B CIEKTpe. B ciydae cuHriera 3To He
BBI3BIBACT 3aTPYJHEHUN — YKa3bIBACTCS TO 3HAYCHHE M.J., TIPH KOTOPOM
HaOMroaeTcss curnai (Hamnpumep, 7.27 M.11.).

Tabmura 1.2.

Tpeyronsuuk Ilackans

Yucno >SKBUBAJICHTHBIX MYJ'IBTI/IHJIGTHOCTB OTHOCHUTEIbHAS
sAaep, BBI3BIBAOIIIHUX Ha6J'IIOI[aeMOFO WHTCHCUBHOCTh JIMHMHA U MX
pacuICIICHUC CHUTHaJla PacCIIOJIOKCHUC B

Ha6JIIOI[aeMOM MYJIBTHUILIICTC

0 CUHTJICT 1

1 nyoset 1 1

2 TPUILIET 1 2 1

3 KBapTeT 1 3 3 1

4 KBUHTET (IIEHTET) 1 4 6 4 1

3) CEKCTET 1 5 10 10 5 1
d

XUMUYECKU CcABUT JyOJieTa ONpenesnsercsl CISAYIOIMUM 00pa3oM.
Haxomgutcs «ueHTp TsokecTW» ayOsieTta W OepeTcss COOTBETCTBYIOIIEE
3HAUYCHHE M.Jl. XUMHUYECKMA CIBUT TpHUIUIETA, KBaJpyIwera © Jp.
MYJBTHIUICTOB ~ YKa3bIBa€TCSd JBYMs 3HAUYCHHSIMHU: JICBOC 3HAYCHHE —
MOJIOKEHUE KPalHEero JIEBOro KOMIIOHEHTa MYJIbTUILIETA, IPAaBOE 3HAYCHUE —
MOJIOKEHUE KpaHEero MpaBOr0 KOMIIOHEHTA MYJbTUILIETa. XUMHYECKUE

CIABUTY OOBIYHO MIPUBOISAT C ABYMS 3HAKaMU TOCJIE 3aISITOM.
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IIpumep. Ha puc. 1.10 npencrasnenst gpparmentsl [IMP-cnektpa: a)

ny6set 0) MyJIbTHILIET.

Pacuer xumudeckoro casura ayornera: o m.a. = (7.776 + 7. 768)/2 =
15.544 /2 ="7.77 m.1.

XUMUYECKUI CABUT MYyJIbTUILIETA: O M. = 7.17 - 7.21.

VA
\
Iy
(a) T (6)

Puc. 1.10. ®pazmenm cnexmpa *H: a) dybrem, 6) mynomuniem

Pacmenienue curHaja NOpoTOHA HA KOMIIOHEHTHI ITPOUCXOJHUT
Osarofaps CHuH-CNUHOBbIM 63AUMOOCUCMBUAM — 63AUMOOELUCEUE CNUHO8
NPOMOHO8 Uepes 2IeKMPOHHbIE CEA3U.

CornacHo mpuHuuny Ilaynu, sneKTpOHBI, CBA3BIBAIOIIME JBA Spa,
CHapeHsbl, T.€. UX CIHMHBI AHTUNAPAJUIENbHbI. B MarHMTHOM moJjie MMeeTcs
omnpenereHHass TeHACHIHS JUI KaXKIoro U3 siAep ClapuBaTh CBOM CIUH CO
CIIMHOM OJHOTO M3 CBS3BIBAIOIIMX DJIEKTPOHOB TaKUM O0pa3oM, YTOOBI
OONBIIMHCTBO W3 HUX OBUIO aHTUNAPAJJICIbHBIMU  (COOTBETCTBYET

YCTOMUYHMBOMY COCTOSIHHIO).
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OOBIYHO CHHH-CIMHOBOE B3aUMOJCHCTBUE PACHPOCTPAHSIETCS OYEHB
ciabo He janee TPeX CBA3EH, €ClU TOJBKO 3TO HE HANpPSKEHHbIC LUKIIBI,
MOCTHKOBBIE CHCTEMBI, JI€JIOKATM30BaHHbBIE CUCTEMBI (B apOMATHUYECKUX WIIU
HEHACBIIIEHHBIX CTPYKTYPAX).

Cnun-cnunosoe 63aumoodelicmeue uepe3 08¢ CGA3U HA3bIBAENICS]
2eMUHATILHBIM.

Cnun-cnunosoe 63aumooeicmeue uepes mpu CeA3U HA3blBAEMC A

6UYUHATIbHBIM.

H-C—H H-C-C-H
FeMmnHanbHoe BuumHanbHoe
CMWH-CMMHOBOE CMWH-CMMHOBOE
B3aVMopencTeue B3auMopeiicTBMe
yepes 2 cesasu (2J) yepes 3 ceasu (3J)

Bo3moxkHo M 3apaHee  mpeacka3aTb  BWJA  CHIHaJa
(MyJIbTHILIETHOCTD)?
Ja, BO3MOHO. J{J1s1 3TOT0 UCHOJIB3YIOT CIEAYIOIIEe MPABUIIO.

Ecau n npomonoe oowoti epynnet (0603Hauum «A») 63aumooeticmayrom
c N’ npomonamu Opyzou epynnvl (00603Hawum «By), mo cuenan npomornog
epynnol «A» 6yoem cocmosime uz N’+1 qunuil, a cueHanr npomonos «By — us
n +/ aunui (oOwmee npaBuino 2nl+1, T.x. nns nporoHa | = Y5, T1O
MYJIBTUIUIETHOCTh paBHA N + 1). Takum 00pa3oM, TO WM MHOE PacCIlCIICHHE
curHana B criektpe [IMP no3BosisieT onpeaensaTe CTPYKTYPY BEIIECTBA.

Bce ckazaHHOE TPOJIEMOHCTPUPYEM TIPUMEPOM.

3aganme: OOBLACHWTHL IIOSBJIEHHME CHTHAIOB B crektpe SIMP H

HOoA>TaHa.
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Puc. 1. 11. Cnexmp AMP *H uodsmana

Pemenmne.
B monekyne nogsrana ecth 1B€ HEAKBUBAJICHTHBIC TPYIIILI IPOTOHOB:

MPOTOHBI METHJIBHOM TPYIIIIBI (0003HAYUM «A») U TPOTOHBI

A =) METHJICHOBOM Tpyriibl (0003HauuM «b").
H |IH
\ |
H;,C "9'_| [IoMHUM, 4TO HPOTOHBI BHYTPHU KaXKIOW TPYIIIBI MEXIY
H

co00l MarHUTHO SKBUBAJIEHTHBI [0 XUMHUYECKOMY CABUTY!

Takum 00pa3oMm, B CIEKTpe cleAyeT OXKHIaTh JBa CUTHaNA, YTO U
HaOJI01aeTCs B ICHCTBUTEIBHOCTH: TPUILIET U KBaapyruiet (puc. 1.11). [Tpu
3TOM IIPOTOHBI METHJICHOBOM TPYIIIBI JI€39KPaHUPOBAHBI
AJIEKTPOHOAKIICNITOPHBIM BIIMSIHUEM HOJa, CUTHaAJ HaOJrogaeTcss B 0Oosiee
cnadpix mossix (2.9 - 3.4 M.A1.), 4eM CUTrHaJI METHIBHBIX poToHOB (1.7 - 2.0
M.I.).

Ha ocHOBaHuMM TPOBEACHHOIO aHAM3a, JI€JaeM 3aKIOYEHUe: B
npenctaBneHHoM  crnekrpe  SIMP'H  curman  MeTWIeHOBOM  IpyImbI
HaOmoMaeTcss B BUAE KBajapyrwieta B obnactu 2.9 - 3.4 m.u. MetuibHbie
POTOHBI HAOIIOIA0TCS B BUE TpuruieTa B obnactu 1.7 - 2.0 m.a.

Hcnonp3oBaHHbIE HaMH TOAXOABl MOXXHO TPUMEHUTh W JUIS
UHTEprpeTaunu Ooyiee CIOXHBIX CIEKTpoB. B  kadecTBe mpumepa

paccMOTpuM criekTp 1-HuTponpomnana (puc. 1.12)
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1320 1300 1280 T 630 620 610 600 590 T 330 320 310 300 290 TI'u

A M- X
CH3_CH2"CH2_N02

L . R T LR
4.0 3.5 3.0 25 2.0 13 1.0 M.

Puc. 1.12. Cnexmp AMP *H I-numponponana

B 53TOM chnekTpe CUrHaJlbl METWJIBHOM TIpynmnbl W CIa0OMNOJIbHAS
METUJICHOBAsl TIpylIla IMpOSBISAIOTCA B BUIE TpUILIETOB. lleHTpanbHas
METHJICHOBAsl Ipylna NPOSBISIETCS B BUJE MYJBTHILIETA, KOTOPBIA MOKHO
[IPOAHANIN3UPOBATh, pAacCMAaTpUBas €€ B3aMMOJCHUCTBHE CHaydaja C

METWJIBHOW TPYININOH, a 3aTeéM ¢ METWIECHOBOM TpYIINON, HECylen

3aMCCTHUTCIIb.
CH,;—CH,—CH,;—NO,
_,L\“ N HepaciueruieHHsli curaan CHa-rpymier
7 e S "“‘A-..ji
| ‘ pacuienIeHHbIi curnan 3a cuet CHs-rpymniel

paCLHeHHeHHLIﬁ CHUI'HAJI 3a CUeT rpyl'[l'ILI
CH2-NO>

———
—

s
—
S —

KOHEYHBIM BHJ CUTHaJIa

HOCKOHLKy pacCToAHuA MCKIY KOMIIOHCHTaMU MYJIBTHUILICTA

HEBEIIMKH, pa3pemieHue crnekrpomerpa SIMP He mo3Bonser «yBuaeTh» Bce 12

KOMIIOHCHTOB MYJIbTHUILIICTA.
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1.2.3. KoHcTaHTa CIMH-CIMHOBOI'0 B3aNMO/AeiiCTBUSA

Bolie ObLJIO O0TMEYEHO, YTO €CJU CHUTHAJ MPeACTABJIEH B BHJIE
MyJbTHUILIETA (1y0JeT, TPUILIEeT, KBAAPyIUIeT M T.1.), JUHUS JIHOOOTO
MyJIbTUILIETA OYAET OTCTOATh OT COCEAHUX JIMHUM TOTO K€ MYJIbTUILIETA Ha
OIHO M TO K€ 4YHMCIO Trepu. Yucremnoe 3snauenue 3moco paccmosmus
Hazvléaemcss  KOHCMAHMOU  CHUH-CNUHOB020  63AUMOOEUCMEUs U

obosnauaemcs «J» (puc. 1.13).

JUL M (a) (6)

Puc. 1.13. a: Koncmanma cnun-cnunogozo @3aumooeticmeus (J) 6 ciyyae pacwennienus
cuenana 6 oyonem; 6: Kowcmamma cnum-cnumogoeo ezaumooeiicmeus (J) 6 cayuae
pacwenyienus CUsHAIA 8 Keaopyniem.

[Ipn omucaHuM CHEeKTpa TPUBOAATCS 3HAYCHHS KOHCTAHT CITHH-
CIIMHOBOTO B3aUMOJICUCTBHUS BCEX MPUCYTCTBYIOIIMX B CHEKTPE AyOJIETOB U
TPUILIETOB.

Kak paccUYMTHIBAETCS KOHCTAHTAa CNIMH-CITHHOBOT'0
B3aMMO/IeliCTBUSI HA OCHOBE IKCIIEPUMEHTAJIBHBIX JAHHBIX?

[Tpexxae Bcero, Ast ITUX 1eNell HEOOXOIMMO 3HATh PabOUyI0 YacTOTY
nmpubopa, Ha KOTOPOM CHAT oOpabaTphiBaeMblii crekTp. OOBIYHO 3TO

uH(pOpMaIs eyaTaeTcs IpsiMO Ha CIIEKTpe.
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Crnenyrommii dTanm — ONPEACICHUE PA3HUIIBI XUM. CIIBUTOB MEXIY
KOMIIOHEHTaMH paccMaTpUBaeMOro MyJbTHILIeTa B M.J. [locie Toro, kak 3ta
BEJIMYMHA OIpEJCICHa, €€ YMHOXXKAlT Ha BEJIMYWHY pabodeld YacTOTHI
npuodopa.

IIpumep. PaccuurtaTh KOHCTAHTY CHHH-CIIMHOBOTO B3aWMOJCHUCTBUS
nyoOsera, npencrtaBieHHoro Ha puc. l.1la (cmektp cHAT Ha yactore 300
MI ).

J=(7.776 —7.768) x 300 = 0.008 x 300 =2.4 'y

KoHcTaHTa CIMH-CIIMHOBOTO B3aWMO/JICUCTBUS XapAKTEPU3YET CTEIICHb
B3aMMOJECHUCTBUA MEKIY SiApaMd UM HE 3aBUCUT OT Hp. DTO O4YEHb BaxXHO,
MIOCKOJIBKY TO3BOJIIET OTJIMYUTH, HANPUMEp, JBa CHHIJIETa OT JyOrera,
3amucaB CHEKTP MPHU JABYX Pa3lIMUHBIX paauoyacTtoTax. Eciu uHTEpBan B
reprax Mexay IBYMsl JIMHUSIMA HE WM3MEHWICS, TO CHUTHAJl TMPEICTaBIISICT
coboii yoter.

Benuunna J 3aBUCHUT OT HECKOJBKUX (PAKTOPOB, Cpelu KOTOPBIX
CleAyeT Ha3BaThb OTHOCUTEIBHOE PACIOJIOKEHNUE B3aUMOJICUCTBYIOIIUX SIAEP
U UHCIO pa3Aeisiomux uX cBs3eid. CHHH-COIMHOBOE B3aMMOJAECHCTBHE
0OBIYHO HE HAOJIOMACTCS MEXKIY MPOTOHAMH, Pa3/CJICHHBIMH 0OoJjiee YeM
TpeMs MPOCTHIMU CBsI3SIMH. [Ipy HanM4UMu «HA MyTH B3aUMOZICHCTBUS»
KpaTHBIX CBsI3ei OOIIIEe YKCIIO CBSI3EH, yepe3 KOTOPhIE MOXKET HAOII0AaThCS
CIIUH-CIIMHOBOE B3aMMOJICHCTBHE, BO3PACTaET.

KoHcTaHTa COMH-COMHOBOTO  B3aUMOJICMCTBUSL 3aBUCUT M OT
reomeTpuueckux (paktopos. Tak, IMP 'H na ceromusmmnuii neHs sBIseTcs
HanOosiee MHOOPMATUBHBIM METOJIOM JUISl UACHTU(DUKAUU yuc- U mpaHc-
M30MEPHBIX AJIKEHOB: KOHCTaHThI CITUH-CIIMHOBOTO MpaHC-B3aUMOJCHCTBUS,

Bcerjga OoJbllle, YeM COOTBETCTBYIOIIME yuCc-KOHCTAHTHL. B crpaBo4HOM
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autepatype no SIMP-cnektpockonuu 00s3aTebHO MPUBOIATCS KOHCTAHTHI

CIIMH-CIIMHOBOT'O B3aUMOJICHCTBUS IJIs Pa3IMYHBIX MPOTOHOB [1,2].

MarbuuTHasi HeOKBHBAJIETHOCTh B CMbICJI€ CITUMH-CITMHOBOI'0
B3aUMOAEeHCTBUS

Mb1  yXke 3HaeM, UYTO JKBUBAJEHTHOCTb W HEIKBUBAJICHTHOCTh
Pa3IMYHBIX MPOTOHOB HAXOJAUT OTPAXKEHHE B TAKOM IapaMeTpe CIEKTpa
SAMP, kak XUMHUYECKUI CIBUT.

Opnako, AJist TOro 4ToObI JIBa MPOTOHA OBUIM WMJEHTUYHBI (MAarHUTHO
SKBUBAJICHTHBI) B dKcriepuMmeHTe SAMP, oHu 1OKHBI KIMETh a) OJMHAKOBBIC
XAMHYECKHE CABUTH U ©O) OJMHAKOBBIE KOHCTAHTHI CHHH-CIIMHOBOIO

BSaHMOHGﬁCTBHH II0 OTHOHICHHIO K TpPCTbCMY IIPOTOHY B CTPYKTYPC

MOJIEKYJIBI.

N R . CkazaHHO€ paccMOTpHUM Ha nmpuMepe. MimeeTcs MoseKyJia
3aMelIeHHoro 6en3ona. B aToil ctpykType opmo-nipotonst (A’,

i Y A) HaxomsTcs B OJMHAKOBOM OKPYXKEHHH, CJI€IOBATEIBHO,

UMEIOT OJIUH M TOT K€ XUMUYECKUN CIABUT (IKBUBAJICHTHBI 10 XUMUYECKOMY
casury). OIHAKO OTHOCUTENBHO TpeThero mpotoHa (B) onu pacmomnoxkeHbl
no-pasHomy. CrnenoBaTeabHO, CTENEHb B3aUMOACHCTBUA OTUX SIEp C
TpeThbuM TMpoToHOM (B) pasnuuna, a 3HauuT, NOJDKHA OBITH pas3IuvyHa U
BEJIMYMHA KOHCTAHTbI CHUH-CIIMHOBOTO B3aUMOJCHCTBUSA. [[eMCTBUTEIBHO, B
pesyabrare IMP-ananu3a ObUTHM MOJYYEHBI CJICAYIONINE 3HAYEHUS] KOHCTAHT
CIMH-CMHOBOTO B3ammoneicteus: J(AB) = 7.92 I'u, J(A’,B) = 0.44 T'u.
Takum 00pa3oM, TpOoTOHBI A U A’ SKBUBAJIEHTHBI IO XUMUYECKOMY CJIBHTY,
HO HE DKBHUBAJICHTHI 110 CIIMH-CIMHOBOMY B3aUMOJIEUCTBUIO. Takas cuTyauus
NPUBOJUT K YCIOXHEHUIO CIEKTpaJbHOW KapTUHBI. Tak, B CIEKTpE

OCH30MHOM KHUCIOTHI HAONIOAAETCS] YEThIpe CHUTHAJa (YEThIpe TPYIIIbI
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MAarHuTHO HEAIKBHUBAJICHTHBIX MPOTOHOB IO XHUMHYECKOMY CIBHTY) (pHC.
1.14). Opro-nipotonsl (B, B’) UMEIOT OIMH U TOT )K€ XUMHUYCCKHUI CIIBUT, T.C.
M30XpOHHBI. OJHAKO OHW MArHUTHO HEIKBUBAJIEHTHHI B CMBICIEC CITHH-
CIIMHOBOTO B3aUMOJIEUCTBUS 1O OTHOIIEeHUIO K TpoToHy (C). B pe3ynbrate B

I[IMP-cniektpe HabmomaeTcs ayoset (= 8§ M.J1.), HO OH IJIOXO0 pa3pelieH.

npoToH (A) |
| 0 OH MpOTOHBI B M B'
A (®H H ) ]
PN !
H H o) ] |
Offset: 0.9 ppm. HE |
npoToHel C
| L)
npoToH D |
|
|
A
| |I ..A_fl \“__M_,u
e e — — NSV
2 1M 10 9 8 7 8

Puc. 1.14. Cnexmp AMP H 6ensoiinoii kucromui (a); (6) ysenuvennoe uzobpaicenue

¢pazmenma cnekmpa.
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1.2.4. UHTeHCHUBHOCTDH CUTHAJIA

B okcmepumente SIMP  MOXHO  ompenenuTe  OTHOCHUTEIBHOE
KOJIMYECTBO 3KBUBAJICHTHBIX II0 XMMHYECKOMY CIBHUIY IIPOTOHOB. pyrumu
cinoBamu, MertogoMm SIMP  MOXHO omnpenemuTh, CKOJIBKO IIPOTOHOB
«OTBETCTBEHHBD) 3a TAHHBIM CUTHAJL.

Humencuenocmos cucrana nponopyuoHaibHA KOAUYECM8Y NPOMOHO8
Kaxcoo2o muna u usmepsiemcs naowaovio nuka. OTHOCUTEIbHbIE
MHTEHCUBHOCTH PA3JIMYHBIX CUTHAJIOB ITOKA3aHBI B CIEKTPE CTYIEHYATOU
MHTErpaibHOM KpuBoii (puc. 1.12, 1.14).

OngHako BBICOTA CTYNEHBKM HE JaeT TOYHOIO YHCIA NPOTOHOB,
OTBEYAIOIIMX CUTHATy, a TOJIbKO MPONOPUUOHATIBHA JTOMY YHCIY.
CpaBHUBasT BBICOTBI CTYIIEHEK, COOTBETCTBYIOIIMX PA3JIUYHBIM CUTHAIaM B
CIIEKTpE, ONPEIECIAIOT OTHOCUTENIBHBIE YNCIIA POTOHOB, OTBEYAIOIINX YTUM
curHaiaM. Hampumep, eciim Ha HHTErpaJIbHOM KpPUBOM HMEIOTCS JIBE
CTYNIEHbKH C HHTEHCHUBHOCTSMM 2 U 3 (puc. 1.12), 3TO0 03Hayvaer, 4TO
IPOTOHBI, OTBEYAIOIINE STUM CUTHAjaM, MPUCYTCTBYIOT B OTHOIIEHUHU 2 : 3
cootBeTcTBeHHO. HO MX MOXkeT ObITh 6 ogHOTO THTIA U 9 — pyToro!

Bepremcs k cniektpy 1-autponpnana (puc. 1.12). [Tnomans kaxmoro
U3 TPEX CHUTHAJOB CHEKTpa MPOUHTErpUpOBaHa (Ka)Iblil CUral «OXBaueH»
KpUBOW JIMHUEH B BHUJE CTYNEHbKH). BOOpYXUBIIMCH JIMHEUKOU, U3MEPUM
BBICOTY CTYNEHBKM MHTETPAJIbHOM KPUBOM Ka)XJOro CUrHajia. B pesynbrare
HOJIyYMM clieyroniee. [ curHaia METUIbHOM TPYNIbl BBICOTA CTYIEHBKH
3 cM; BBICOTA CTYNEHEK g 00€MX METHUJIEHOBBIX TPyl — 2 cM. IDTO
03HA4YaeT, YTO KOJMYECTBO HEIKBUBAJICHTHBIX IMPOTOHOB, 00ECIIEUNBAIOIIUX

CUTHAJIBI B CIIEKTPE, MPONOPLIUOHANIBHO COOTHOLIEHUIO 3 @ 2 : 2. Ha camom
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nene, cootHomieHue npotoHoB CH3:CH,:CH, B moinekyne l-Hutponponana
3:2:2!

Ha SIMP-criekTpe MOryT HE pacredarsiBaTbCsl MHTETPAIbHBIE KPUBBIE,
B 9TOM CJIy4a€ MHTETPabHblE MHTEHCUBHOCTU CUTHAJIOB BU3YaJIU3UPYIOTCS B
dpoBom popmare.

B 3akir04eHun OTMETUM, NI0Wadb MYTbMUniema ompaxjicaem 4ucio
NPOMOHO8, BbI3LIBAIOWUX OAHHBIU CUSHAL, A MYTbMUNJIEMHOCMb CUSHANA —
YUCTIO NPOMOHO8, 83AUMOOCUCMBYIOUUX C PACCMAMPUBAEMBIM NPOMOHOM
(unu npomonamu)

Takum oOpa3om, u3 cnekrpa SMP mnoayyaem TpH TIJIaBHbIe
napaMerpa, IMO03BOJSIOLIUE OINPeAeJsATh CTPOCHHE MOJICKYJIbl —
XHMHMYECKHI CIABHUI CHTHAJIA, €r0 MYJbTHILIETHOCTh U HHTErPAJbHYIO
HHTEHCUBHOCTh. I3MepeHne HHTErpaJibHbIX MHTEHCMBHOCTE CUTHAJIOB
NMO3BOJIsIET HCHO0Jb30BaTh crnekrpockonu IIMP Takke u s
KOJIMYECTBEHHOI0  OIIpeeIeHUsT CcOoCTaBa CcMecell  OpraHM4YecKHX

BCIIIECTB.

1.2.5. HuTepnperaumss CHEKTPOB IPOTOHHOI0 MATHMTHOIO
pe3oHaHca

WTak, MBI ITO3HAKOMUJIUCh C OCHOBHBIMU XapaKTEPUCTUKAMM CIIEKTPa
IIPOTOHHOT'O MarHUTHOTO PE30HAHCA W TOTOBBI PEIINTH CIEAYIONIYIO 3a1a4y:
OOBSACHUTH TIPOUCXOXKIEHHE CUTHANOB B criektpe ‘H 4-non-3-Hurpoanusona
(pactBoputens CDCl3, wacTora nmpudopa 300 MI'm).

Pemennue.

[Ipexae BCEro, OTMETUM, YTO COOCTBEHHO crekTp 'H mpencrasien B

HVDKHEW YaCTH PHUCYHKA; B BEPXHEW YACTH IMPEICTABICHA YBEIWYEHHAS

30



0o0JacTh CIEKTpa, T/A€ HAOMIOMAI0TCS CHUTHAIBI  4-HOoA-3-HUTPOAHU30JIA.
VYBenuueHue OTIENbHONH O00JacCTH CIEKTpa OCYIIECTBISET OMNEpaTop IS
yno0cTBa pabOThI CO CIIEKTPOM.

[Ton kKaXXapIM CUTHAJIOM (HUDKHSISL 9acTh CHEKTpa) B 1udpoBoit popme
NpUBe/IeHa WHTEHCHUBHOCTh CHTHAlla. JTO COBpEMEHHas MU Ooiiee ymoOHas,
9YeM MHTErpajibHas KpuBas popMa BU3yallu3allid HHTEHCUBHOCTH CUTHAJIA.

Haxg curHamom  (Wim  KOMIIOHEHTOM  CHTHAaNa)  TPUBEICHBI

OTHOCUTCIIbHBIC XUMHWYCCKUEC CABUI'Y B M. /.

-3.823

[ {‘ Curuai ot
| pacTBOpHTENS

0.990
—_—
=

DTanbl UHTEPIIPETALIMU CIIEKTPA:
1. HeoOXoguMo HaWTH ©W HWCKIOYUTh M3 CIEKTpa CHUTHaI OT
pactBopuTtenst; B HameM ciiydae — CDCl; ¢ mpumecsio CHCl3, curnan
HaOmrogaeTcs npu 7.26 m.a. (CUTHAJI HU3KOW MHTEHCUBHOCTH).

2. OHpeI[eJ'H/IM KOJIMYCCTBO I'pYIIT HCOKBUBAJICHTHBIX ITIPOTOHOB.
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2 B nHamewm ciyyae 4eTbIpe TIpynibl HEIKBUBAJIECHTHBIX

CHs, OPOTOHOB: TPU TMPOTOHA METOKCU-TPYNIBI U TpH

3| H H |1 HOpOTOHAa apOMATUYECKOTO Koibla. T.0., B CHEKTPE MBI

4 H NO JOJIXKHBI Ha6J'IIOI[aTI) 4YCThIPC CHUTI'HAJIa C OTHOCHUTEJIbHOM
2

MHTEHCUBHOCTHIO 3:1:1:1. IMEHHO Takylo KapTUHY MBI U
BUJUM: CHUTHAJI C OTHOCHUTEIIBHOM HMHTEHCHUBHOCTBHIO (0.u.) 3. 023, nanee
curHai ¢ o.u. 0.990, 3arem curnan ¢ o.u. 1.004 u, HakoOHEI, CUTHAJI C O.H.
1.000.

3. Cursan oT MPOTOHOB METOKCH-TPYIITEI HAOIIOAACTCS B BUJEC CHHTIICTA
B oOractH 3.82 M.1.

4. OTHeceHHE OCTaBIINXCS CHTHAJIOB HE CTOJh OJHO3HAauHO. Hawm
HEOOXOUMO  OJHOBPEMEHHO PYKOBOJCTBOBATHCS 3HAHUSIMH O
MYJIBTUILIETHOCTHA CUTHaja M (paKTopax, BIUSIONIMX HA XUMUYECKUU
CIBUT.

IIporon Ne4 ABJISIETCS HauOoJee JI€39KPaHUPOBAHHBIM
(2JIEKTPOHOAKIIEITOPHOE BJIUSHUE COCEIHEr0 aroma wuoja). Ero curnan
J0JDKEH HaOmoaaThest B Buae ayonera ¢ J ~ 8 I' [1, 2]. [e#icTBuTenbHO, B
CIIEKTpE MPUCYTCTBYET ayosaeT pu 7.81 m.a., J = 8.7 I'm.

Iporon Ne3 nomkeH ObITH HaMMEHEE JE3PKPAHUPOBAHHBIM, €TI0 CUTHAI
TEOPETUYECKH TaKXe IOJDKEH HaOmrofaThcsi B Buae ayornera. OmHako, B
obnactu 6.81 - 6.84 umeeTcss MyIbTUIUIET (CIIEMATBHOE Ha3BaHHUE «IyOIeT-
nyoser»). Ero MIPOUCXOXKJICHHUE 00BACHAETCS CHHUH-CIOUHOBBIM
B3aumojericteueM TmporoHa Ne3 ¢ mpotoHoM Ned U «JIaTbHUM»

B3aUMOJEHUCTBHUE C TPOTOHOM Nel:

‘ curHan 6e3 pacuenneHus

| ‘ OnuxHee cnnH-cNMHOBOE B3anMoaencTBmne

‘ ‘ ‘ ‘ [farnbHee CnMH-CnMHOBOE B3auMoaencTeme
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[Tpu omucanum ay6ner-AyONeTOB yKa3bIBalOT JIBE€ KOHCTAHTHI CIHH-
CIIMHOBOTO B3auMo/ieicTBUs. B Hamem cinyyae:

34) = ((6.845+6.835)/2 — (6.816+6.806)/2) x 300 = (13.68/2 - 13.622/2) x 300
=(6.84 —6.81)x 300 8.7 I'y;

81) = (6.845 — 6.835) x 300 = 0.009 x 300 = 2.7 'L

XuMHUYecKuil caBur myorner-ay0rneTra ykaspiBaeTcs mpeaenom: 6.81 — 6.85
M.

Curnan nporona Ne 1 teopeTHuecKku TOJKEH HAOJIONATHCS B BHJIE
cunriiera. OQHAKO BCIEACTBUE JAJTBHETO B3AUMOJEUCTBUS ¢ MPOTOHOM No3 B
CHEKTpe umeeTcs y3kuit nyoner ¢ J = 2.7 ['m.

J=(7.355-7.346) x 300 = 0.009 x 300 = 2.7 I'r1.

4. [IpyBOIMM NOJTHOE OMMCAHUE CHEKTPA.

cnekrp 'H, CDClg, & m.x: ¢. 3.82 (3H), n.-1. 6.81 —6.85 m.1., ] =87 T, J =
27Tu (1 H); n. 7.35,1=2.7Tu (1 H); n. 7.81,J=8.7 ' (1 H).

3aganue 1 CAMOCTOATEILHOM PadOThI

OOBsicHUTE TPOUCXOXKIeHNEe curHaIoOB B ciekTpe [IMP émop-6yTunbensona.
Jlalite mnosHOEe omnucaHue cnekrpa. IIpoBepbTe NPAaBUIBHOCTH CBOETO
pelieHus, HMCMHOJIb3ysl 0a3y CHEKTPaJIbHBIX JIAHHBIX  OPTraHUYECKUX

coeauHeHuit [4].
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1.2.6. Kimaccugukanusi CIMHOBBIX CUCTEM

CnuHOBOW CHCTEMOW HA3bIBAETCSA CHCTEMa U3 JIBYX WIH 0OoJiee
B3aMMOJICUCTBYIOIIUX MEXIy COOOM MPOTOHOB. MojeKylia OpraHu4ecKoro
COCAMHEHUS MOXET COIEpKaTh HECKOJbKO CHUHOBBIX CHCTEM. Snpa B
cucteMe O00O03HA4YalOTCA 3arjaBHBIMH OykBamu andaBuTa, a YHCIO
AKBUBAJICHTHIX MPOTOHOB — IupamMu BHU3Y. Eciau pa3HOCTh XMMHUYECKHUX
CIABUTOB B3aMMOJAECHUCTBYOmMMX NpoToHOB (0HA — OHp), BwIpakeHHas B
repiax, B IIECTh U 0o0Jiee pa3 MPEBBIIAET KOHCTAHTYy MX CIHH-CIIMHOBOTO

BSaHMOHGﬁCTBHH, TO TaKHC IIPOTOHLI 0003HAYaAIOTCS JaJICKO OTCTOAIIMMH

oykBamu andasurta (AX, A,X, AMX u r.1.):

a a

J &

JUL JLL

14 V.
t Ay 2

[Ipu sTOM HamboJee cCia0OMOMBHBI MPOTOH O00O03HA4aeTcss OyKBOW A,
CJIEIYIOLIMI 33 HUM B MOPSAKE YMEHBIIEHUSI XUMUYECKOrO CABUTa — OYKBOM
B u 1.1. Korna o6o3HaueHsl Bce caabOMOJIbHBIE MPOTOHBI, aHAJIOTHYHBIM
0o0pa3oM Ha3bIBalOT CUJIBHOMOJBHBIE. JlJI1 3TOr0 HCMOIB3YIOT MOCIEAHUE
OyKBBI JIJaTHHCKOTO aliaBuTa, HaunHasi ¢ X (1.e., X, Y, Z).

Orta cucTeMa OXBaTblBa€T HE BCE MPOTOHBI B MOJEKyJe U
UCIIONB3YeTCsl JJIA XapaKTePUCTUKH B3aUMOJEHCTBYIOIIUX TMPOTOHOB B
JTAaHHBI MOMEHT.

Hanpumep, NpoTOHBI B CHIEKTpax OpoMHUCTOro 3THia (padodas yacTora

npudopa 60 MI') otHocsaTes k cucteme AsX, ma: 1.63 1. (3H, CHs), 2.65 k.
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(2H, CHy), a B qum3onpormuinoBom 3¢upe — Kk cucteme AXe m.a.: 1.12 o. (1H
CH), 3.52m. (6H 2CH3).

[Tpu ymenpmenun cootHomeHuss (OHx — OHg)/Jag mpoTOHBI
0003HAYAIOTCSI COoceqHUMHU OykBamu andaBuTa. Tak, B CIEKTpe CTHpPOJIA

oJie(HOBBIC IPOTOHBI OTHOCATCA K cucteme ABC (puc. 1.15).

6.69
7.60 H
7.40 \ H 5.23
7.33 760 H
7.40 573

Puc. 1.15. Cnexmp AMP *H cmupona.

[Ipr OAWHAKOBBIX XMMMYECKMX CIBUTaX M PA3JWYHBIX KOHCTaHTaX
CIIMH-CIIMHOBOTO  B3aMMOJIEHCTBUSI cucteMy obOo3Hagaror AA’, BB’
(HammpuMep, paCCMOTPEHHBIN BBIIIE CITydail ¢ 3aMEIICHHBIM O€H30J10M).

Ecnu cnekTp CcOCTOMT U3 MYJBTUIUIETOB, B KOTOPBIX YHCIIO
KOMIIOHEHTOB ¥ COOTHOIIIEHHME WX HWHTEHCUBHOCTEM COOTBETCTBYIOT
MpaBujaM CIHWH-CIIMHOBOTO  B3aUMOJICUCTBUS, TO OHU Ha3BIBAKOTCS

CIeKTPaMH MePBOro MopsiaAka, st Kotopbix (0HA — 0Hg)/ Jag > 6.
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B cnekrpax cuctem ¢ MeHpmuM cootHomeHueM (0Ha — OHg)/Jag
IPOMCXOJUT CHIBHOE WM3MEHEHHE B COOTHOINEHHM HWHTEHCHUBHOCTEMH
KOMIIOHECHTOB MYJIbTUIUIETa, W MHOTJA IOSIBIIAIOTCS JIOMOJHUTCIbHBIC
curHanbel. Miumoctpanpeil K HAIMCAHHOMY, MOJKET SBJISATHCS CIEKTP 2-

PIOI[HpOHPIOHOBOﬁ KHCJIOTHI, HpG,HCTaBHCHHBIﬁ HUIKC.

J | [ I |
'y —CH,~CH,~ T i

4
=0

i
g | 1152 §(—C—OH)

I
[—CH~CH—~C—OH ~

,J L. CHCI;

A, Py . o A PR A J
A oy N AN e L -l Y ety
(W ST T TR TETE S TE T TR TR SN TE RN R TR SR TTEERETE AR T TR SRR TEE R TR SR TR TR RE R AT EREW T

0 80 50 40 ap 20 10 OmD.

Puc. 1.16. IIMP-cnexmp 2-uo0nponuono8ou Kuciomal

2-MonnponruoHoBasi KUCIOTa MPECTaBIsET COOOM CIIMHOBYIO CUCTEMY
AA’BB’. Kak M0xHO ObUIO OBl IIPEANOIOKUTh, 1BE METUICHOBBIE T'PYIIIIHI
MIPOSIBATCS B BUJE JIBYX TPHUILJIETOB, OJHAKO CIIEKTP ITOKAa3bIBAET, YTO I3TO HE
TaK.

OcHOBHOE 3HayeHue OOCYX)JaeMOW CHUCTeMbl KJlacCUUKaAIUU
3aKJIHOYAETCS B TOM, YTO OHA ITO3BOJISET MPEICKAa3blBaTh MaKCHMAJIBHOE
YUCJIO JMHUM, KOTOPOE MOXKET OOHAPYXKUThCA B CHEKTpax JAHHOW TPYIIIbI
IIPOTOHOB. MaKCUMaJIBHOE YHCIIO JTUHUHI JUIsl HEKOTOPBIX YETBIPEXCIIMHOBBIX
cucTeM npuBeAcHO B Tabmwmie 1.3.

Takum o0pa3zoMm, OYEeBHMIHO, 4YTO Hauboiee MPOCTO MOIAAIOTCS
pacir@poBKe CIEKTPHI MEPBOTr0 MOPSAKA:
® YyCJIO TPYII HE3KBUBAJIEHTHBIX IMPOTOHOB OMNPEIEISAETCS W3 4Hhcia

CHUTHAJIOB;
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® YHNCIIO BBaI/IMO,Hef/'ICTBYIOH.II/IX

MYJIBTUIINICTHOCTHU CUT'HAJIOB,

® KOHCTAaHTbI

syep

OIIpCACIISACTCA 110

CIIMH-CITMHOBOI'O BBaHMOHCﬁCTBHH OMnpCaAcCirsICTCA 110

PaCCTOAHNIO MCKAY KOMIIOHCHTAMH MYJIbTUILIICTOB,

¢ OTHOCHUTCJIIBHOC YHCJIO KaXXJI0T0 THIIAa ITPOTOHOB OIPCACIICTCA 110

PIHTCFp&JIBHOfI HWHTCHCHUBHOCTH CUTI'HAJIOB.

Taomuma 1.3

MYJIBTI/IHJICTHOCTB KakK ®YHKHHH CHUHOBOM CHCTEMBI

CrnmHoBas cucteMa

Yuciio tmEuN

BCETO A B mm X
As 1 1 -
Ay 1 1 -
AoXs 6 3 3
A2B> 14 7 7
AA' XX' 20 10 10
AA’BB’ 24 12 12

CHGI[YCT HMCTLb BBUAY, YTO HA IMPAKTUKE N3-3d4 HCAJOCTATOUYHOI'O0 pa3pCHICHHA

SAMP-cnekTpoMeTpa HE BCE JUHUU CIIOXKHBIX MYJIBTUILUIETOB MOTYT OBITh

BHU3YAJIUM3HUPOBAHBI.
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1.2.7. IlogaBjieHue CNUH-CIIMHOBOT0 B3aUMO/IeiicTBHs (YNPOIleHHE

CJIO’KHBIX CIIEKTPOB)

Kak Mbl yxe yOenunuch, CHEKTpbl HE NEPBOIO MOPsAKA CIOXKHBI IS
UHTEpIIPETAllY; BOPOYEM, YaCTO BO3HUKAIOT TPYAHOCTH U TIpHU
pacimrdpoBKe HEKOTOPHIX CIIEKTPOB IMEPBOTO MOPSIIKA.

Ilpespawenue cnoocno2o cnekmpa 6 CHeKmp nepeoco NopsaoKa
Modcem Obimb 00CMUSHYmo yseauuenuem coomuowernust (0H, — oHg)lJ

Bo3pacranue paboueil 4acTOThl MpuOOpa YBEIWYMBAET PACCTOSHUE
MEXJly CHTHaJlaMM, COXpaHssl HEU3MEHHBIM KOHCTaHThI CIIMH-CIMHOBOI'O
B3aUMOJICUCTBUS, U TIPHU IOCTATOYHO BBICOKOM paboyeil 4acTOTE BCE CHEKTPHI

MOTYT CTaTh CIIEKTPAMH IIEPBOTO TIOPSIIKA.
: CLCHp CHz CHp COOH
60 My A—J ‘UL—JJ HL :

100 M1y,

, ' CH, COOH
. _CHpCU
220 Mru, — I :

Puc. 1.17. I[IMP-cnexmpbul y-X10pMACIAHOU KUCTOMbL, HOTYYEHHble HA PA3TIUYHBIX
npubopax

s yBemuuenus cootHomeHuss (0Ha — OHgp)/J g HekoTophIX
COCAMHEHUN MPUMEHSAIOTCA NapamMarHuTHele casuratonme peareHtsl (IICP).

OHU TIpeACTaBISAIOT COOOM dalle BCEro BHYTPUKOMIUIEKCHBIC COCIUHEHUS

JAHTAHOWJIOB (eBponuii, mpazeoauM) ¢ P-nukeronamu. It [ICP cmocoOHbI

38



aBaThb KOMIUIEKCBI CO MHOTMMH OPraHUYECKUMHU  COEIUHECHUSIMH,
COZIEp/KAlIMMU TE€TEPOATOMBbl C HEMOJACJICHHBIMUA IIApAMU  JJIEKTPOHOB.
BBenenue B MOJIEKyly NapaMarHUTHBIX aTOMOB INPHUBOIAUT K IOSIBICHUIO
JIOTIOJTHUTEJIBHBIX JIOKAIBHBIX MArHUTHBIX TOJIEH, BBI3BIBAIOIIMX CHIIBHOE
W3MECHCHUE B DKPAaHUPOBAHUM PA3JUYHBIX MPOTOHOB. Ilpn 3TOM cmelieHue
TeM CHUJIbHEEe, YeM OJMXKe PacCIOIOKEeHbI MPOTOHBI K atroMy Metaia. [lof
BIIMSIHUEM COCJMHEHHUS €BPOIUS CMEIICHUE MPOUCXOIUT B CTOPOHY CJ1a00To
MOJis, MOJ BIHMSIHUEM IMpa3eoguMa — B CHiIbHOE noJie. KoHCTaHTa CHuH-
CIIMHOBOTO  B3aMMOJICMCTBUSI OPraHUYECKOTO COCAWHEHUS TMPU STOM
MpakTUYECKH He Mu3MeHsAeTcs. C MOMOIIbI0 MapaMarHUTHBIX CIABUTAIOIINX
peareHTOB MCCIEAYIOT aMHHBI, CIIUPThI, AJIbACTUJIbI, TUOA(DUPHI, HUTPUJIBI,

SIIOKCHBI.

CeJiekTHUBHOE MOJABJICHHE CIIMH-CIIMHOBOI'0 B3aUMOACHCTBHS

Bonburyto nomouis npu pacin@poBKe CIOKHBIX CIEKTPOB OKa3bIBAIOT
METO/IbI IBOMTHOTO pEe30HAaHCA.

UroObl NOJAaBUTH CHUH-CIIMHOBOE B3aUMOJCHCTBHE MEXKAY ABYMS
B3aMMOJICUCTBYIOIUMH  SiApaMH, oOpazer; o0Jy4aroT pajaro4acTOTOMH,
COOTBETCTBYIOIIEN PE30HAHCHOW YacToTe OAHOro u3 sAnep. llpm 3anucum
CHEKTpa B YCJIOBHSIX JBOMHOIO PE30HAHCA CUTHAJ 00Jy4yaeMoro MpoToHa He
HaONoAaeTcsl, OAHAKO  BCIEJICTBHE  HWCYE3HOBEHUS  CIHUH-CIIMHOBOTO
B3aUMOJEHCTBUS C TUM ITPOTOHOM YIIPOIIAKOTCA IPYTHE CUTHAJIBI.

OKCHEpUMEHTAIBHBIE METOJIbI JIBOMHOTO PE30HAHCA Pa3IMyaroTcs I0
BEJIMYMHE HANPSHKEHHOCTH BO3MYIIArOMIEro mois Ho.

JIBOITHOW MarHUTHBIN PE30HAHC MpU OOJIBIION MHTEHCUBHOCTH TIOJIS
H, Ha3piBaeTcs MeTOAOM MOJHON CNUHOBON pa3Bsa3ku. [lpu mnonHON

CIIMHOBOU Pa3BA3KE U3MCHAIOTCS BCC DHEPICTHUYCCKNEC YPOBHH, CBA3AHHLIC C

39



JaHHBIM SIIPOM; B CIEKTpE MPOMaJaeT CUTHAJI OO0Iy4aeMoro sjapa u
U3MEHSIOTCS MYJbTUIIETHOCTH CUTHAJIOB JPYTUX CBSI3AHHBIX C HUM SJEP
BCJICZICTBUE IIOJIHOTO TMOJABJIEHUS CIMH-CIIMHOBOTO B3aUMOJEHUCTBUS C
oOnyueHHbIM simpoM. Hampumep, B ciydyae 1-mpomaHofia mpu OOJTydeHUH

Pa3JIUYHBIX IIPOTOHOB ITOJIYHAKOTCA CICAYIOIMINC PE3YJIbTAThI.

O6nyyaeTtcs

CH,OH Tpunner| — [Tpunnet H3CC-CH,0OH

Tpunnet HyCj~¢’ HH
HH KBapTeT
cekcTeT
O6nyyaeTtcs

|

CH3-CH,-CH,OH

CH3-CH,-CH,OH

CUHIMET CUHIMET
Obnyvaetcs
l —— CHg-CHz-CHon
CHj3-CH,-CH,0OH TpUNNeT TpunneT

IIpn mMeToae ce/IeKTUBHOM CIIMHOBOM Pa3BA3KH W3MEHSETCS JIMIIb 4YacTb
HHEPTreTUYECKUX YPOBHEHW CHCTEMBI, CBSI3aHHOUM C 00JdydeHHBIM simpoM. [Ipu
ATOM HCYE3aI0T HEKOTOPbIE KOMIOHEHTHI MYJIbTHUIUIETa 00JydaeMoro siapa u
MYJIBTHUILIETHI CBSI3aHHBIX C HUM SJI€p YIPOILIAKOTCS.

[Ipu neiictBum eme Oojiee ciaaboro mojss H; mpoWcXoauT JIHIIG
BO3MYLIEHUE SHEPreTUYECKHX YpPOBHEW, B pe3yJbTaTe 4ero HalmromaeTcs
JOTIOJIHUTENIBHOE PACLICINICHHE KOMIIOHEHTOB MYJIBTHILIETA, CBA3AHHBIX C
OTUMU YPOBHAMHU. TakoW BUI IBOWHOTIO pE30HAHCA IIOIYyYWJ Ha3BaHHUe

CIIMH-TUIVIMHI .
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Ecnmn mnosne H; BbI3BIBAET TOJBKO W3MEHEHHUE B 3aCEIICHHOCTHU
DHEPreTHUECKUX YPOBHEH, TO B CHEKTpe HaAOII0JaeTCs Mepepacipe/ieicHue
WHTEHCHUBHOCTEH KOMIIOHCHTOB MYJIBTHILICTOB B3aMMOJICHCTBYIOMIUX SIICP —
3TO TakK Ha3bIBaeMbIi saepHbIid 3 dekt Oepxaysepa (190, NOE — Nuclear
Overhauser  Effect), koropbiii  ucnoiap3yeTcss IS ONpEACIICHUsS

MIPOCTPAHCTBEHHOTO CTPOCHUSI OPTaHUUYECKUX COCTMHEHUM.

1.2.8. XumMuueckuii 00MeH

Henenue muepayuu Kaxko2o-mbo nNpomowa Om amoma K amomy
Hazvigarom xumudeckum obmenom. CKOPOCTh XHMHYECKOr0o oOMeHa
nporoHoB nipu OH rpymre, HarpuMmep, I YUCTOrO 3TaHOJ]A CPABHUTEIBHO
MaJla, OJJHAKO OHA PE3KO BO3PACTAET B NPUCYTCTBUU KUCIOT UM OCHOBAHUM.
Ecnu ckopocTs xmmuueckoro obmenHa mana, to curHan OH mporona B
CIEKTpE ATAHOJIA BUACH KaK TPUILIET; €CIIH K€ CKOPOCTh OOMEHa BEJIMKA, TO
CUTHAJ] THUJIPOKCWIBHOTO TPOTOHA BBIPOKIaercss B cuHnier. llpwu
IIPOMEKYTOYHBIX CKOPOCTSIX CUTHAJI MOXKET UMETh BUJ IIIMPOKOIr0 IHKa.

beicTphiii  XxuMuYeckuii OOMEH NPUBOJUT K TOMY, UYTO B JaHHBIA
MMPOMEXYTOK BPEMEHM KAXKJBIA MPOTOH YCIEBAET BOMTH B COCTAB MHOTHMX
MOJIEKYJ CIIUPTA, TaK YTO CIMHOBBIE OPUEHTALMU B3aWMOJEUCTBYIOLIUX C
HHAM IPOTOHOB YCPEIHSIOTCS OO KaKOM-TO ONPENEIIEHHOW BEIWYUHBI. DTHUM
oObsACHseTCsl TosiBIeHWe cuHriaera. [lo Toil ke NpUYMHE pPE30HAHCHBIE
CUTHaJbl  METWUJICHOBBIX  MPOTOHOB  HE  pacIlEIUIIIOTCS  OBICTPO
OOMEHMBAIOIIUMUCA THAPOKCUIBHBIMM MpOTOHAMU. Takum  oOpazom,
ObICMpPBIlE XUMUYECKUN 0OMeH NpU8oOUm K HOOABNEHUI0 CHRUH-CRUHOBO20

83AUMOOCUCMBUAL.
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Ecnu ckopocTh XuMu4eckoro oOMeHa UMeeT BEJIMYUHY TOTO e TOpsIKa,
YTO U MHTEPBAJ MEXAY KOMIIOHEHTaMH MYJIbTUIUIETa B OTCYTCTBUE OOMEHA,
TO MTHOBEHHBIE CIIMHOBBIE OPUEHTALMU YCPEIHSAIOTCS JHIIb YaCTUYHO, YTO
OPUBOJUT K YIIMPEHUIO TUKOB MOTJIOIIECHHUS.

CKopocTh XUMHUYECKOTO 0OMEHA YBEJIMUYMBAETCS C POCTOM TEMIIEPATYpBHI.
OT0 MOXXHO HAOIIOAATh MPHU U3YYSHHH CIEKTPOB METMIOBOro criupta (-40 -
+31°C) ma puc. 1.18. MoXHO BHETH, YTO Pa3MBIBAHHE MYJIbTHILIETHBIX
nukoB Habmomaercs yxe npu -4°C. Ilpu 5Toil Temmeparype OaHHBIA
TUAPOKCUIIBHBIN MPOTOH MEPEXOAUT OT OJHOM MOJEKYJbl HCCIETyEMOTO
oOpa3s1a K Ipyroi B cpeiHeM 12 pa3 B CeK.

B anudarnyuecknx amMmmHax mpoucxoguT ObICTpbld 0OMeH nmporoHa NH, u
[O9TOMY CHHMH-CIIMHOBOE pacLIEIUICHUEe HE HaONI0AaeTcs NPaKTHYECKU
Hukorga. [loatomy ayisi TakuX COEAMHEHHM XapaKTEPEH OCTPBIM CHHIJIET
NH-npoTtoHna. B HEKOTOpBIX aMUHAX CKOPOCTh OOMEHA MPOMEKYTOUHAs, YTO

IMPUBOAUT K YITUPCHUIO CUT'HAJIA.

T
CH,;~OH
' Pl 0w . Puc. 1.18. I[IMP-cnexmp npomornos
' Memanona b6e3 pacmeopumens npu
Ir pasiuunblx memnepamypax. [uanazon
pazeepmku 500 I'y. J = 5.2 I'y.
14
TA v
= )
LA -
: er"c
e | s
- are
" i
5 5 %, 3 2 ' o
4 5 & 7 . a- & 0
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1.2.9. KondopmanuoHHslii 00MeH

B nporonnom cnekrpe JIM®PA (mumerundopmamua) HaOIOmAECTCS
JIBa CUTHaja METWIbHBIX rpyrmi. C MOBBIIIEHHEM TeMIlepaTyphl oOpasiia
ATU JIBa OCTPBIX CHUHIJIETA YIIUPSAKOTCS W, HAKOHEl, ciuBarorcs. [lpu
temmneparype 165 °C o6pasyercss omuH OCTpbIii UK. JIaHHBIE U3MEHEHUS
OPOUCXOJAT BCJIEACTBUE TOrO, YTO IIPU KOMHATHOM TEMIIEpaType
CHEKTPOMETP «BHJWT» JBE OTACIIbHbIE METWUJIbHBIE TPYNIbl, a MpHU
IOBBIIIEHHON - NEPECTaeT «pa3nuyarby ux. [IpuumHa 3THX SBICHUN —
3aTOPMOKEHHOE  BpAalllEHWE METWIBHBIX TPYNIl NPH KOMHATHOU
TeMriepatype (crnektpomerp «Buaut» oaHy CHsz B yuc-, a apyryro — B
mpanc-noynoxeHuu no otHomenuto k rpynne HC(O). [Ipu noBelieHHBIX
TEMIIEpaTypax BpALIEHUE YCKOPSETCA, M CHEKTPOMETP (UKCUPYET

ycpenHeHHoe cocrosiHue (puc. 1.19).

2}5

-
S

M A
/ wz%juo'ck _/ k

T M
UV = =T A DD LG

. § i} . > 135°C | 145°C | 153°c | 164°C
85°C | 84 [ 92% / \|/ \|| m5¢c

109%] 13’c

A0 T A ==

Puc. 1.19. 3asucumocmo cucnanos memunvhvix epynn JIM®DA om memnepamypul.
Ulupuna paszeepmxu 250 I'y
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1.3 CrieKTpocKonMsi siIEPHOr0 MATHUTHOIO pe3oHaHnca saep SC

Snpo 2C marautHO HeakTuBHO (crMHOBOE umcio pasHo 0). OxHAKO
sapo BC, kak u mpoToH, nMeeT ciuH Y2, TI0CKONBKY NPUPOIHOE CONEPIKAHNE
mzorona °C cocraBnsger Tompko 1.1%, a wyBcTBUTENBbHOCTH simpa BC
(OompIlIoe 3HAYEHHE BPEMEHU pEJaKCallMi) COCTaBIseT Juilb 1.6% oT
YyBCTBHUTEILHOCTU IPOTOHA, OOIIAas 4YyBCTBUTENBHOCTH Meroma SIMP BC

paBHa ~1/5700 ot wyBcTBUTEeNBHOCTH [IMP [2, 3].

d(ppm)
200 150 100 50 0
L L b Kppm
3aMelleHHble ankunHble rpynnol
R-CHz-R 20-45
R- He anekTpoHoakuenTop _

3aMeLLEeHHbIe anKuIHbIe rpynmbl 50-70
R - anekTpoHoakuenTop
40-65

R
}’,C:C 100-145

© 110-1350

=0 KapOOHOBbLIE KUCMNOTbI; aHrIMapuabl, aumpsbl,
= amuabl kapOoOHOBLIX KUCIOT 155-185
= 9]
C=0 | anbaernagbl 1 KETOHbI KapoOoHubHaga rpynna 185-220
T T T T T T T T T T T T T T T T
200 150 100 50 0]

Puc. 120. Obobwennvie obracmu xumuueckux c0euzos yerepooa >C
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1.3.1. OcHOBHBIE 0COGEHHOCTH CIIEKTPOCKOMMH Ha sigpax BC

1. Ilpu pecucmpayuu cnexmpos JAMP B¥C ¢ noanvim nooasnenuem chun-
CNUHOB020 83AUMOOCUCMBUSI C NPOMOHAMU 6Ce CUSHAbL SGJIIOMCS
CUHelemamu, eciu MOAbKO 8 MOJeKyle Hem Opyeux Ma2HUmHO
axmuenwix s0ep (nanpumep, *H, 3P, 19F).

[Ipuponnoe coxepxkanue H Gomee 99%, mostomy kaxaoe sigpo 2C
CBSI3aHO CIIMH-CIIMHOBBIM B3aMMOJICCTBUEM C KaKUM-TO YHCJIOM MPOTOHOB.
B cuny storo B cnekrpax AMP ¥C 6Ge3 nomapineHuss CIHMH-CIIMHOBBIX
B3aMMO/ICHCTBUIMA C POTOHAMU OOHapy>KUBAIOTCS CJIOXHBIC
MEPEKPBIBAIONINECS MYJIBTHILICTHI, KOTOPhIE TPYAHO WHTEpHpeTHpoBaTh. Ha
puc. 1.21 a npusenen crnextp AMP *C xonecrepuna 6e3 1oaBieHus CIIMH-
CIIMHOBOT'O B3aMMOJICHCTBUSI C MPOTOHAMH.

Hwuxe (puc. 1.21 6) npuBeaeH CIEeKTp XOJeCTeprHa, MOTyUYeHHBIA TpU
WCIIOJB30BAHMM ~ METOJAMKM  perucTpauuu  crnektpos  SIMP BC ¢
OJIHOBPEMEHHBIM  TOJIaBJICHUEM CHUH-CIIMHOBOTO  B3aUMOJICUCTBUSA  C
MPOTOHAMHU, WJIH KaK TOBOPSAT «C MIMPOKOIOJOCHOM pa3BsS3KOM OT

MIPOTOHOBY.

ISR

LI

1 L L

T T T T T | SRS | T T S T ! T 1

T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 m.o.

|

Puc. 1.21. Cnexmpui AMP BC xonecmepuna CDCl3 na uwacmome 150,9 MIy 6e3
nooasneHus (a) u ¢ NoaHviM nooaegieruem (0) CNuUH-CNUHOB020 B3AUMOOCUCMBUS C
npOMoOHAMU
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B cnektpe (1.21 6) mpucyTcTBYIOT 27 CHUTHAJOB, MPU STOM KaXKIbIHA
CUTHAJI COOTBETCTBYET OJHOMY W3 27 HEIKBUBAJICHTHIX YTIEPOIHBIX aTOMOB
xonecrepuHa. MHTepmperanust TakKoro CHeKTpa, O€3ycIOBHO, MEHEe
npobieMaTudHa. B TO ke Bpems mpH «pa3BA3Ke» OT MPOTOHOB 3a4acCTYIO
yTpaurBaeTCs BeChbMa IoJie3Hast HHpopMaIus 0 MyJIbTHUILUIETHOCTH CUTHAJIOB.
OOpartuTe BHUMaHWE HAa CUTHAJIBI METWJIBHOW WU METHHOBOW TPYIIT B 000WX
cuektpax (1.21a u 1.21 6). BrpoueM, B HacTosIiee BpPEeMs CYIIECTBYIOT
METOJIMKH, TO3BOJSIIOIIME  TMOJIYYUTh MMOAOOHYI0O HWHPOpMAaLUI0O B
CyIIECTBEHHO Oosiee mpoctoi  Qopme (Hampumep, wMerong DEPT
(HeHMcKaXXCHHOE YCHIICHHE MepeHoca mnosspusanuu, Distortion Enhancement
by Polarization Transfer u npyrue).

2. Cuenanot B3C pacnpedenenvt no smauumenvno 6Gorvuiemy Ouanasomy
XUMUYECKUX COBU208 N0 CPAGHEHUIO C OUAnazoHom ous saoep *H.

Kak u B ciyuae ¢ SIMP H, B cnextpax SIMP 3C xummueckue capuru
BBIPAKAIOT B €AMHMUIAX M.J. JlMama3oH XWMHUYECKHX CJBUTOB OOBIYHO
coctasisieT 220 m.11. B cnaboe nose ot curHasia TMC. B cuiy 3Toro, a Takxke
y30CTH CHEKTPAIbHBIX JIMHUM, COBIAJICHUE XUMHUYECKUX CIBUTOB OT
HEJ3KBUBAJICHTHBIX aTOMOB YIJIEpOJa MEHEE BEPOSATHO, yeM B criekrpax [IMP.
[Tpu 5TOM HacTo Jaxke CIEKTP CMECH BEHIECTB JAeT ICHHYIO0 WH()OPMAIIUIO.
Hanpumep, ¢ nomomsio SIMP 'H TpynHo aHanusupoBaTh CTEpEOH30MEPEL, B
To Bpems Kak B crekrpax SIMPRC sTu m30Mepsl maroT pasnMyaromiuecs
CUTHAJIBI.

3. Unmencusnocmu cuznanos SC ne roppenupyiom c uuciom soep

yenepooa.

CHsTHE CIEKTpa B PEXHUME IMIUPOKOTOIOCHOU «Pa3BA3KW» OT TPOTOHOB

NPUBOIUT K BO3HUKHOBEHHUIO sijepHoro sddekra Onepxaysepa (A20),
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KOTOPBIM MO3BOJIIET HE TOJBKO MOJABUTh CHHH-CIIMHOBOE B3aMMOICHCTBHE
3C-1H, 1o u cymecTBeHHO (10 3-X pa3) yBeIMYUTh HHTEHCHBHOCTH CUTHAIIA.

B TO0 e Bpems arombl yriepoja, HE HMEIONIME IPOTOHOB
(uerBepTUuHBIe C-aTOMBI, MHOTJ]A HA3bIBAIOT «Yy3JIOBBbIE aTOMBI YIJIEPOJA»),
HE TIOKa3bIBalOT ycuieHus 3a cuer D00 u Bcerga HMEIOT HH3KYIO
MHTEHCMBHOCTh. B 00mem, B cnextpockonuu SIMP C unTerpambubie
WHTEHCUBHOCTU CHUTHAJIOB HE MPONOPLHOHAIBHBI YUCITY COOTBETCTBYIOIIUX
aTOMOB YTJIepo/ia.

4. Berneocmeue Honee nuskoi uyecmeumensrocmu memooa AMP BC no
cpasuenuto ¢ IIMP ons ananuza Heobdxooumo boavuiee Koluvecmso oopasya
(~20 me).

5. /Ina 0annozo Oelimepuposanno2o pacmeopumens cueHanivt AMP *H u
BC umerom pazuyio mynemuniemuocme.

O6pasusl a1 u3mepenuii crnekrpos SIMP 3C 06baHO mpencrapisioT
co0o0il pacTBOpbl B JAEUTEPUPOBAHHBIX PACTBOPUTENAX, I OOECIeueHUs
BHYTPEHHEro craHjapta ucnoibdyercs pobaska TMC. HeoOxonumo
OTMETHUTh, YTO Ul JAHHOTO JEHUTEepUPOBAHHOTO PACTBOPUTEINSI €0 CUTHAJIBI
B cnektpax SMP 'H u IMP BC cymecrtBeHHO paszinuaroTca MO
MyJIbTHILIETHOCTH. Hampumep, HeOobIioe koimmuectBo octarounoro CHCl;
B JeiiTeprupoBaHHOM KomMmepueckoM xsopodopme (CDCl3) maet HeOobIoN
cunrner okono 7.26 m.a. B crnexrpe SIMP 3C pacrsopurens CDCls maer
MHTEHCUBHBIM TpurieT Bunpa 1:1:1 mpu 77 M.a., KOTOpBIA BBI3BAH CIIMH-
CIIMHOBBIM B3auMoeicTBUeM sizipa =*C ¢ OHUM SIPOM JeHTepHs.

Crincokx HanboJiee YacTO MCIOIB3YEeMBIX PACTBOPUTENEH TMPUBEICH B

Havase riaBel « IMP cnextpockonusiy tadm. 1.1.
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1.3.2. O0mue NpaBujIa AJsi HHTEPNpeTaun cnekTpos *C

1. Xumuueckue cosueu BC 6 ocumosmom 3aeucsm om muna
aubpuouzayuu  amoma  yaaepood,  Oom  dJIeKMpooOmpuyamensbHoCmu
3amecmumerell U 8 MeHbulell CmeneHu om OUaAMAacHUMHOU AHUZOMPONUL,

2. llopsook pacnonodcenus XuMudeckux cO8u208 Kiacco8 coeOuHeHull
6 cnexkmpockonuu AMP BC uH umeem cxoocmeo;

3. Humencusnocmv CUSHAIO8 YeMBEPMUUHO20 AMOMA Y2nepood
HU3KA,

4. Mna cnexmpos C, xax u ona ‘H nonesmuvl ypaenenus
aoouUmMu8HOCmMuU OJisl 3aMeUeHHbIX COCOUHEHULL,

5. Ha 6u0 cnexmpa enusem pacmeopumes.

6. Ocobennocmu cnexkmpos AMP ¥C ocnoenvix xiaccos opaanuueckux

COeOUHEeHUl:

Ankanwl

CurHassl aJKaHOBBIX YTIIEBOJIOPOJOB Haboma0Tces B obmactu ot ~0
no 60 m.a. AnkwimpoBaHue OOBIYHO CMEIIAaeT CHUTHAN yriiepoaa B ciaboe
mose. DTO CHPaBeIMBO KakK JUIs  SP>-rMOpMIM30BaHHOrO yriieponaa (B

aJKaHax), TaK M IS SP>-THOpHAN3HPOBAHHOTO yriepoa (B alKeHax).

Ankenol

Sp?-I'MOpUAN30BaHHBIE ATOMBI YIIEPOAA AKEHOB JAIOT CUTHANBI B
obmactu ~110-150 m.1., ecii 3aMeCTUTENSIMU SIBIISIOTCS ATKUJIbHBIE TPYIIIIHI.
JIBOMHBIE CBSI3U JOBOJILHO CIa00 BIMSIOT HA 3HAYEHUE XMMUYECKUX CIABUTOB

SP3-rubpUIM3NPOBAHHEBIX ATOMOB YIJIEPOIA B MOJIEKYIIE:
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52.2 535

25.4 24.7
304 CHs| CHs 299 GHs| CHs
H3C_CI:_CH2'C:CH2 114.4 H3C_(|:_CH2-CHCH3
CH3 CH3
31.6 143.7 304 (253

Kak mnpaBuno, konneBble =CH,-rpynmnbl [arT cuUrHaiasl B 0Oosiee
CUJIBHBIX MOJISIX TIO CPAaBHEHUIO ¢ BHyTpeHHUMHU =CH-rpynmnaMu, a curHassl
¢parmentoB (Z)-CH=CH- HaxomsaTcs B 0Oojice CHIBHBIX TOJIX IO
cpaBHenuto ¢ ux (E)-ananoramu.

[enTpanbubiii atoM yriepoaa (=C=) B aJKWI3aMEIIEHHBIX aJlJIeHAX
naet cur"an B obsactu 200-215 M.a., B TO BpeMsi KaK KOHIIEBBIE aTOMBI

yraepoaa B rpynmne —C=C=C- - B quana3one 75-79 m.x.

Anxunol

Sp-I'uOpuan3oBaHHbIE aTOMBl yTIEpoJia aJKUHOB, WMEIOIIUE B
KaueCTBE 3aMECTUTEJICH TOJbKO aJIKUJIbHBIE TPYIIbI, JAIOT CUTHAI B 00JIaCTH
~65-90 M.z1. AleTHIeHOBas TPYyIIA CMEIAET CUTHAJ CBA3AHHOTO ¢ HUM SpP°-
rUOpUIN30BAHHOTO yTepo/ia B ciaabbie mosis Ha 5-15 m.n.

Konueas rpynna =CH gaet curHai, CUJIbHO CMENICHHBIN B CUJIbHBIC

TOJIS 10 CPaBHEHUIO ¢ HeTepMUHAIBHOU Tpynmnoit =CR.

Apomamuueckue coeOunenus

B Hacrosiee BpeMs HAKOIUIEH 3HAYUTEIbHBIM JKCIIEPUMEHTAIbHBIN
Martepuall Mo JaHHBIM XUMHUYECKUX CJBUTOB 3aMeElIeHHbIX OeH30Ji0B. Ha
OCHOBE JTHX OKCIEPUMEHTAJIbHBIX JaHHBIX pa3pa0dOTaHbl aIUTHBHBIC

CXCMBLI, ITO3BOJLAOINKC OIIPCACIIATH BIIMAHHC 3aMECTUTEICH Ha XUMUYCCKHUE
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casuru saep 2C [1, 2], rabmuna 1.4. Benszon naer curnan BC ¢ XUMUYECKUM
capurom 128.5 m.xa. (pactBopurens CDCls).
Tabnuna 1.4
BiusHue 3aMecTuTeNlell Ha XuMmudeckue casurd  sgep °C B

MOHO3aMEIICHHBIX O0eH30J1ax (B M.JI. oTHOocUTebHO TMC)

3 2
’ QLX Oci = 128.5 + Zi
3amectutenp | Z1 Z; Z3 Zs
X
-H 0.0 0.0 0.0 0.0
-CH; 9.2 0.7 -0.1 -3.0
-CH=CH;, 8.9 -2.3 -0.1 -0.8
-C=CH -6.2 3.6 -04 -0.3
dbenun 8.1 -1.1 0.5 -11
-F 33.6 -13.0 1.6 -4.4
-Cl 5.3 0.4 1.4 -1.9
-Br -5.4 3.3 2.2 -1.0
-1 -31.2 8.9 1.6 -1.1
-OH 28.8 -12.8 1.4 -7.4
-OCH3 335 -14.4 1.0 -1.7
-NH; 18.2 -13.4 0.8 -10.0
-CHO 8.2 1.2 0.5 5.8
-COOH 2.1 1.6 -0.1 5.2
NO; 19.9 -4.9 0.9 6.1
-CN -16.0 3.5 0.7 4.3
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Jl1s MOHO3aMEIIeHHBIX apOMAaTUYECKUX COCTUHEHHUM CABUTU napa- M
Mema-yriiepoioB KOPPEIUPYIOT ¢ KOHCTaHTaMu ['amera 3amecTuTelNeH, T.e.
AIIEKTPOHOJJOHOPHBIE 3aMECTUTENId CMEUIAIOT CUTHAJbl B CUJIBHBIC TOJS, a
AIIEKTPOHOAKIIETITOPHBIE — B ciabble. V3BECTHBI COOTBETCTBYIOIINE
KOPPESIHUOHHBIE COOTHOILICHHS:

Smc=180c + 1.42c% + 0.1

8pc =-5.71 6, - 20.52 c% + 0.61

XUMHYECKUE CIBUTH Opmo-aTOMOB yIJepojla MEHSAIOTCS HE CTOJb
3aKOHOMEPHBIM 00pa3oM.

Crnektpel SIMP *C Moryr GbITh HCIOJNB30BaHBI IS PACIIO3HABAHUS
TUTIA 3aMEIICHHS] B apOMATHUYECKUX COCTUHEHMsIX. ECM B KOJbIIE MMEIOTCS
JiBa OJMHAKOBBIX 3aMECTUTENI1, TO B CIEKTpe Ml napa-u3omepa B
apomMaTH4ecKoM obnactu OyayT /Ba MHKa, A opmo-u3oMepa — TpH, a AJis
Mema-u30Mepa — YEThIPE; ITO OOBACHAETCSI CHMMETPUEH MOJIEKYJIBI:

OCHs  h.co ; OCH; 4 co

OCHj

[Ipu 3TOM, Kak yKe OTMEYaloCh, CUTHAIIBI YeTBEPTHYHBIX C-aTOMOB
Oy/yT MEHee HHTEHCUBHBI, YeM CUTHAJIBI HE3aMENIEHHBIX aTOMOB YIJIEPOJa B
KOJIBIIE.

Ipumep 1.
Ha ocHoBe namHbIXx Tabnm. 1.4 paccumrtaem xumuueckue casuru °C B
aHu30JIE.

Pemmenue:

3 2

4 @oom
Oci = 1285 + Z;
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O0c1=128.5+ Z;= 128.5+33.5=162 m.n. (3kcm. 159.7 m.11.)
O0c2=1285+ Z,= 1285-14.4=114.1 m.n. (3kcm. 114 m.1.)
Oc3=128.5+ Z3= 1285+ 1.0 = 129.5 m.x. (3xcm. 129.5 m.71.)
Ocs =128.5 + Z4= 128.5-7.7=120.8 m.a. (3kxcm. 120.7 m.11.)

Cnupmui
3amena npoToHa B ankane Ha OH-rpymimy cmeriaeT curaai B ciadbie
noist Ha 35-52 m.a. g atoma C-1, Ha 5-12 m.a. ans yriepoaa C-2 u B

cuJIbHBIE 11014 Ut atoma C-3.

15.8 10.0 63.6
H3C_CH2'CH3 CH3-CH2-CH2'OH

16.3 \@3

Jns  oOHapyXeHUs COUPTOBOM TPYIIbl TOJIE3HO MCIOJIb30BAThH
peakumto anetwinpoBanus. IIpu stom curnan aroma C-1 cmecturcs B
citabeie mmoiig Ha 2.5 — 4.5 m.a., a curHan C-2 atoma — B CHJIBHBIC ITOJIS Ha

TAaKYI0 XK€ BCIIMYUHY.

T'anozencooepsrccawue coeounenus

O¢ddexTsl, BhI3BaHHBbIE NMPUCYTCTBUEM aroMa rajoreHa B MOJIEKYIIE,
JOBOJILHO CIIOKHBI. Hammuwme omgnoro aroma ¢ropa ¢ CHsF (75.4 m.a.)
MPUBOJUT K 3HAYUTEIILHOMY CMEIIEHHIO CUTHaa 1o cpaBHeHMio ¢ CHy (-2.3
M.J1.), YTO OOBSCHSIETCS 3JIEKTPOOTPULATEILHOCThIO (PTOpa. ATOM XJoOpa
MPUBOAMT K aHATOTUYHOMY (D PekTy (cMelaeT curiai B cialble Mmosisi), 4To

TaK)Ke MOKHO OOBSICHUTH QICKTPOOTPpULIATCIIBHOCTBIO.
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Opnako nans OpoMa M MOJA BO3HUKAET A((EKT TAKEIOro aTromay.
Tak, Mo Mepe yBeIMYEHHs YHMCIa aToMoB Opoma curHan °C cHauana
cMelaercs BiaeBo (cialdble mosis), a 3aTeM BIPaBO (CHIIbHBIC MOJIs):

CHs (-2.3. m.1.), CH3Br (10 m.1.), CH2Br; (24.1 m.n.), CHBr3 (12.1 m.1.),
CBry (-28.5 m.11.).

I atoma yraepoga CHsl (-139.9 m.i.) Takke HaOII0AaeTCS CHIIBHOS
CMEIICHHUE BIIPABO M0 CPABHEHHIO C yriaepoaHbiM curHaiom CHy (-2.3 m.a.).
Crnekrpockomus SIMP 13C sBnsercs HameXHBIM METOIOM yCTAHOBJICHUS
MPUCYTCTBUS aTOMa HOJA B MOJIEKYJIE apOMaTHYECKOTO COEAMHEHUS: CUTHAI
yriepoaa C-l1 Haxoaurcst npuMepHo B 06sactu 90 M.1., I/1e IpaKTUYECKU HE
HaONIOAAIOTCA CUTHAJIBI aTOMOB  YIVIEPOJAA, CBSI3aHHBIX C JAPYTUMU

IreTepoaToMaMu.

Amunoi

Konnesas NHp-rpymma, cBa3aHHasi ¢ alKWIbHON LENOYKOHM, CMEIIaeT
casur aroma C-1 BieBo nmpumepno Ha 30 m.a., atoma C-2 — BreBo Ha 11 m.1.
u atoMa C-3 — BOpaBo Ha 4 M.JI. IO CPAaBHEHUIO C aHAJIOTMYHBIMU CUTHAJIaMU
ankaHoB. N-ankunupoBaHue NPUBOAUT K yBenuueHuto capura C-1 B ciabbie

I10JI4.

Kemonwt u anvoezuowt
Kapbonunpabie atombel yraepoga B coeamneHusx R,C=0 RCH=0
UMEIOT XapaKTepPHbIEC CABUTH B 00JIACTH CIA0BIX MOJICH:

203.3 199.3 @\195 7 ©\190.7
ICIZ—H
O

HSC_ICIZ_CH3 H3C C H C CH3
O

53



AJKUIbHBIE 3aMECTUTEN CMEIIAI0T CUTHAN KapOOHUIIBHOTO yTiepojaa
B ciabble Tojst HAa 2 — 3 M.J., €CJIM TOJIBKO HE JOMHHUPYIOT CTEPUUYECKHUE
s¢dekThl. 3aMeHa METWJIBHOW TPYIIBI B alleTOHE Ha (PEHHIIBHBIM paauKal
BBI3BIBACT CMEIICHHE KapOOHWJIBHOTO YTJIEpOoAa BIPABO, aHAIOTMYHOE
CMEIlEHHE TMWKa BIOpaBo HalOmromaercss W I o,[-HEe3aMEeIIeHHBIX

coeauHeHui: akposieud (192.1 m.x.), mponnoHoBbId anpaerua — 201.5 m.x.

Kapo6onoevie kuciomsl u ux npou3eooHuvle

KapOokcuibpHBIM aToM yriiepoja B KapOOHOBBIX KHCJIOTaxX W HX
IIPOM3BOJIHBIX JAlOT curHaj B oomactu 150-185 m.x.

Hutpunsl gatot curnan B oonactu 115-125 m.n.

B amunax N-ankuianmpoBaHHe BBI3BIBAIOT HE3HAUUTEIHHOE (HECKOJIBKO

M.Jl.) CMEILIEHUE CUTHAJIa KapOOKCUIIBHOTO YIJIEpOoAa BIPaBo.

169.4 166.0 167.9 169.5 118 7
COOH COOCH; cocl CON(Me),

5 ¢ 00 O

3anauva.

Husxe npencrasieHsl pe3ynbratsl ananmusa SIMP BC pactsopa napa-
anmsuauHa 8 CDCls:
Crnextp SIMP BC, CDCls, 6 m.x: 57, 115, 116, 140, 153.

[IpoBecT COOTBETCTBHE MeXAy HaHHbIMEH crnektpa SIMP BC u
CTPYKTYpOl  napa-aumsuguHa. IloNydeHHBI pe3ylabTaT CPaBHUTH C
SKCIEPUMEHTAIBHBIMU NaHHbIMHE (Haiitu criextp AMP ¥C napa-anusununa B

0a3e CreKTpaIbHBIX JAHHBIX OPTaHUYECKUX BEIIECTB [4]).
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Penienue:
1. Hamucate popMyiy aHM3H1a ¥ IPOHYMEPOBATh aTOMBI yriiepoaa (B

000 MOCIET0BATEILHOCTH).

5

OCH,
1
7 2

6 3
4
NH,

2. OnpenenuTh KOJIUYECTBO MAarHUTHO-HEIKBUBAJIEHTHBIX aTOMOB
(rpynm aToMOB) yriepoa.
B Monekyne napa-anuzunvHa S5 TPyNI MarHUTHO-HEIKBUBAJIEHTHBIX C-
atomoB: C-1; C-2,7; C-3,6; C-4; C-5. CrienoBaresbHO, B CIIEKTPE JIOHKHO
HaOIIOAAThCS MATh CUTHAJIOB, YTO W OOHAPYKUBACTCA B JIEHCTBUTEILHOCTH
(cM. yciioBHS 3a7a4H).
3. OmpenensiemM, KakoW TPyIIie MarHUTHO-HEAKBUBAJICHTHBIX aTOMOB
yIaepojia COOTBETCTBYIOT CHUTHAJbl, XUMHUYECKHE CIABUTH KOTOPBIX
MPUBEJICHBI B YCIIOBUH 3a]]a4H.
Ou4eBHUIHO, YTO CaMbIi CUJILHOIIOIBHBIN CUTHAT (57 M.J1.) OTHOCUTCSI K aTOMY
yriepoaa MeTokcU-Tpynibl (Csps, CBA3aHHBIN C 3JIEKTPOHOAKIIEITOPOM).
JIBa cnabomnonbHbix curHana (140, 163 M.11.) OTHOCSATCSI K aTOMaM yriiepoja,
HernocpeacTBeHHO cBa3aHHbIMU ¢ rpynnamu OCHs, NH; (Csp2, cBsI3aHHBII €
3aMECTHUTEIIEM).
JIBa ocrapmmmecs curnana (115. 116 m.a.) otHocsares k. C-3,7 u C-4,6.
4. TIpoBoauM TOYHOE OTHECEHUE CUTHAJIOB, BOCIIOJIb30BABIINCH
aJIUTUBHON CXEMOM pacyeTa XUMUUECKHX CIBUTOB (CM. MpUMeEp Ha
ctp. 51).
[TockonbKy napa-aHu3uanH — AU3aMeleHHoe OeH301a, TO Ui pacyeTa (0)

HE0O0X0IMMO yuuThIBaTh BiMsiHue ooeux rpymm (OCHs-, NH»-).
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NH,

dc1 = 128.5 + Z(OCHa3)1 + Z(NH2)s = 162 (cm. pemienue Ha ctp. 54) + (-10) (cM. Tabd.
1.4)=162—10 =152 m.1.

O0c2=1141+0.8=1149 m.1

0c3=129.5-13.4=116.1 m.1.

0cs =120.8=18.2=139 m.11.

Taxum o6pasom, Criextp AIMP ¥C, CDCl3, § m.x: 57 (C-5), 115 (C-2,7), 116
(C-3,6), 140 (C-4), 153 (C-1).

IIposepka:

W3 6a3bl CIIEKTPAIbHBIX JaHHBIX [4] MMeeM DKCIIEpUMEHTAIBHBIN CIIEKTD

napa-aHu3HUHa:

D$H3 & 5563 ppm
7 o 1. 5268 ppm
27 1194.EZ ppin
3 A 3 36 116,234 ppm
NHa & 49016
' I ' I ' I ' I ' I ' I ' I ' I ' I ' I
200 120 1&0 140 120 100 ar &0 40 20 0]

COS-00-353 o
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o 0k w0 D -

8.
9.

BOHpOCI)I ! 3aJaHuE 1JId CAMOKOHTPOJIA

Ha kakowm siBnenuu ocHoBan meton1 IMP-cniektpockonuu?

Kakue siapa aTOMOB MOTYT BBI3BIBaTh CUTHAN B criekTpax SAMP?

Uto Ha3bIBAE€TCS PE30OHAHCHOM YacTOTOM sijgpa’?

UTto Ha3bIBaE€TCS BPEMEHEM CIIMH-PEIICTOYHON peaKcaluu’?

Urto npencrapnser coboit ciektp AMP?

Uto Ha3bpIBaeTCd XUMHUYECKUM caBUroM curHaina SMP? B kakwux
€IMHUIAX U3MEPAECTCI XUMUYECKUN CIIBUT?

Ha yeM 0CHOBaHO sIBJI€HUE aHU3OTPOIHUH?

UYem BbI3BaHO pacuieruieHue curnana AMP?

Yto OTPaXKaCT MYJIbTHUIIIICTHOCTD cursasa?

10.YTo oTpaxaeT UHTEHCUBHOCTb MYyJIbTUILIETA?

11.Yt0 oTpaxkaeT KOHCTaHTa CIHUH-CIMHOBOro B3auMozeicTBus? OT

KaKHnXx (1)aKTOp0B OHa 3aBUCHUT, B KaKHUX CIUHHIIAX I/ISMCp}IGTCH?

12.Kakue mpOTOHBI Ha3bIBAIOTCSI MATHUTHO-9KBUBAJIEHTHBIMU?

13.Y10 Ha3pIBaE€TCA CIIMHOBOI CUCTEMOM?

14 Kakue MeTobl AJi YIPOIIECHHUS CIOXKHBIX CIIEKTPOB Bam n3BecTHBI?

15.Yt0 Ha3bIBaeTCs XUMUUECKUM OOMEHOM? OT KakuxX (paKTOPOB MOMKET

3aBUCCTh CKOpPOCTb XHMHYCCKOI'O oomena? Kaxkoe OTPAKCHUC B

cnekrpax SAMP naxonut xummuueckuit oOMeH?

16. ITouemy B cnektpe SIMP 13C Bce curnane! sBnsoTCsA CUHTIETaMH (B

MOJIEKYJIE HET APYTUX MarHUTHO aKTUBHBIX s71ep)?

3agaua

2- AMUHOTIUPUIUH MOJIBEPTIIv peaKuuun ANEKTPOPHUIBHOTO

MoHouoaupoBanus. IIpoaykT peakunu uaeHTUGUIUPOBAIA MeToI0M SIMP-
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CIICKTPOCKOIINH. Ha ocnHoBe MNpCACTABJICHHBIX HUKC CIICKTPAJIbHBIX JTdHHBIX,

PEAJIOKUTE CTPYKTYPY MPOAYKTA PEAKIIUH.

4.469

85211
7.262

8.211

Puc. 1.22. Cnexmp SIMP *H npooyxma peaxyuu, pacmeopumens CDCls, 300 MI'y
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150.136
145.970
112.074

T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppw

Puc. 1.23. Cnexmp SMP 3C npooyxma peaxyuu, pacmeopumens JJMCO-ds, 300 MTy;
UCNONb308AHA MEMOOUKA NO3BONAIOWAS UOSHMUDUYUPOBAMb V3I08bLE AMOMbL Yenepood

(cucHanvl «<no8epHymol» 6HU3)
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I'maBa 2. Macc-cnekTpomerpust

MI-NU-2178

JlaHHBIN METO]T

)
=3
1

@
o
1

IMIPUHIOUIINAIIBHO OTIIN4acTCA oT

Relative Ihtensity
S
]
1

PaCCMOTPEHHBIX BBIIIIE

20 CIICKTPOCKOIINYCCKUX MCTOIOB.

0 HH}IHwHIUM\\le1!|H!m\H!\}‘HlnH\HMIHWHM !Wmmuﬂumm|m| !Hl\l“‘\l“‘\ll“\ CprKTypHaﬂ MaCC-CHeKTpOMeTpHH

10 20 30 40 50 80 70 80 30 100 110 120

m/z

OCHOBaHa Ha pa3pylIeHUH

OpraHUYeCKON MOJEKylIbl B pE3ylbTaTe WOHU3AIMU TEM WM UHBIM
CIIOCOOOM.

OOpasyronyecss HOHbI COPTUPYIOTCS IO BEJIMYUHAM WX OTHOIICHUS

Macca/zapsa (M/z), 3aTeM perucTpupyercs YHCIO HOHOB JUIS KaKIOTo

3HAYEHMS 3TOr0 OTHOILIEHUA B BuAe cnekrpa. Ha puc. 2.1. mpencraBineHna

06111351 CXCMa TUIITMYHOI'O MaCC-CIICKTpOMCTpPA.

KomnbloTep

BeepneHve ——> |WonusaunoHHas|c——> | AHanmsatop | —— PerucTpaums
|'|p06b| Kamepa Macc

Puc. 2.1. Brok-cxema munuuno2o macc-cnekmpomempa

Jliist BesieHust mpoObl B MacC-CIIEKTPOMETP OOBIYHO MPUMEHSIOT KaKO-
b0 BHI XpoMmarorpaduu, XOTsS BO MHOTHX NMPHOOpax €CThb BO3MOXKHOCTh

JUIsl TIPSMOTO BBOJ@ oOpaslia B MOHM3aLMOHHYIO0 Kamepy. Bo Bcex macc-
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CHEKTPOMETPaxX MUMEIOTCS YCTPOMCTBA JJIi HMOHU3AIMH MPOOBI U pa3fesieHus
MOHOB 110 BenmuyuHe M/Z. Tlocne pa3neneHust Hy)KHO AETEKTHPOBATh UOHBI U
U3MEPATh HUX KOJUYECTBO. THUMUYHBIA KOJJIEKTOP HOHOB COCTOUT U3
KOJUTMMUPYIOUIUX IIEJIEH, KOTOpPbIE HAMpPABISIOT B KOJUIEKTOP B JaHHBIN
MOMEHT TOJIbKO HOHBI OJIHOTO BHUJQ, I/I€ OHU JETEKTUPYIOTCS, a CUTHAJ
JICTEKTUPOBAHUS YCHIIMBAETCA 3JIEKTPOHHBIM yMHOXUTeneM. COBpeMEHHbIE
MaccC-CIIEKTPOMETPHI YKOMILIEKTOBaHbI CHEeMATN3UPOBAHHBIM
MPOrpaMMHBIM OOECTIeUeHUEM: KOMIBIOTEPHl KOHTPOJIUPYIOT HAKOIUICHHE,
XpaHEHUE U BU3yaTU3allMIO JTaHHBIX.

B nacrosimee BpeMs crana oObIYHOM MpakTHKa OOBEAMHEHHUS Macc-
cnektpomeTpa ¢ Ta3oBbiM (I'X-MC) wumm  xuakoctHeiM — (OKX-MC)
xpoMarorpadom.

Bce Macc-ciekTpoMeTphl MOpa3AensioTcs Ha JBa Kiacca: MPUOOpPHI
HU3KOTO (€AMHWYHOTO) W BBICOKOro paspemieHus (R). CnexrpomeTpsr
HU3KOTO pa3peuieHus — MpuOOpbl, HA KOTOPBIX MOXHO PAa3AeiuTh LEJble
maccel o m/z 3000 (R = 3000/(3000-2990) = 3000). Ha takom mpudope
coequHeHus CigH2602 m CisH24NO; Hepasmuuumpbl, MOCKOJIBKY MpuOOp
Oynet ¢hUKCUpOBATh U B TIEPBOM M BO BTOPOM ciiydae maccy 250.

[TpuGopsr BeicOKOTO pazpemenus (R = 20000) cmoryT pa3mu4uTh
coenunennst Ci6H260; (250.1933) u C15H24NO7 (250.1807), B aTOoM ciyuae R
= 250.1933/(250.1933 — 250.1807) = 19857.

Takum oOpa3zom, Ha npuOOpax HHU3KOIO pa3pelIEHUsT MOXKHO
yCTaHaBIMBATh CTPYKTYpPHYIO (OpMyJly BEIIECTBA, OJHAKO 3a4acTyro AJis
ATOM 1LeJM JOMOJHUTEIbHO HEOOXOAMMO TMPHUBJIEKATh JaHHBIE JPYTUX

MetonoB ananuza (MK-, IMP-cnekTpockornusi).
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[IpuOOpel BBICOKOIO pa3pelleHrss MOTYT HM3MEPSATh Maccy HOHa C
TOYHOCTBIO, JIOCTATOYHON JJisi ONpEAENIEHUsT aTOMHOIO COCTaBa, T.€.
OIIpEeIeNIATh MOJIEKYIISIPHYIO (POPMYITy HCCIIElyeMOT0 BEIECTBa.

B mnocnenHee necATmieTne MNPOUCXOOWIO OBICTPOE pa3BUTHE U
COBEpUIEHCTBOBAHUE Macc-creKTpomeTpoB. He oOcyxnas ux ycTpoHCTBO,
OTMETHUM, YTO OHM MOAPA3AEISIOTCS MO THIIAM B 3aBUCUMOCTH OT 1) croco0a
MOHM3ALMY, 2) METO/1a pa3/iejeHust HOHOB. B 001ieM, criocod noHU3aIuu He
3aBHCHT OT METO/AA pas3/JelieHuss HOHOB W HAOO0OpOT, XOTA HUMEIOTCA
uckioueHus. boiee nmonHas nHGopMaIKs MO JaHHBIM BOIPOCaM U3JI0KEHA B
auteparype [3, 5].

B nanHoM nocobumn OyAyT pacCMOTPEHbI MacC-CHEKTPhI, OJIyYEHHbIE

PIOHPI?;EIIIPIGﬁ QJICKTPOHHBIM YI4apOM.

2.1. Macc-crieKTpbl ¢ HOHU3AIUEN JTeKTPOHHBIM YIaApOM

Onektponnsiii  ymap (DY, electron impact, El) — Haubosee
pactmpoCTpaHEHHBI  METOJ]  MOHM3allMd B MAacC-CIEKTPOMETPHH.
[IpeuMyIiecTBOM 3TOTO METOAa SBISICTCS BO3MOYKHOCTH HCIIOJb30BaHUS
MOMCKOBBIX cUCTeM M 0a3 JaHHbIX (MeToj DY ObUI UCTOPUYECKH TEPBBIM
METOJIOM HOHHU3AIMK, OCHOBHBIE 0a3bl 3KCIEPUMEHTAIBHBIX JaHHBIX
MOJTy4YeHbI Ha rpudopax ¢ JY).

Monekyna BemiecTBa TpoObl B Ta30BOMl (a3e TmoJBepraercs
OoMOapIUPOBKE DJIEKTPOHOB C BBICOKOW sHepruei (00siuHO 70 3B) m
BBIOpAchIBa€T  DJEKTPOH, 00pa3ys  KAaTHOH-paJHWKal,  Ha3bIBa€MbIi

MOJIEKYJISIPHBIM HOHOM M +e — M" (vonexynspusiii non) + 2€
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Hanmenpas DHEPIUs 60MOap IUPYIOIINX (MOHU3YIOIIMX)
AJIEKTPOHOB, MPU KOTOPOM BO3MOKHO 00pa3oBaHUE W3 JAHHON MOJEKYJIbI
WOHA, Ha3bIBaeTCs »HHEprue (Wiaum, MeEHee YJayHO, «IOTEHIIUAIOM))
nonu3anuu BemecTsa (Ue).

OHepeus uoHuzayuu A6A1emcs Mepou NPpoYHOCMU, C KAKOU MOAeK)ld
yoepoircusaem HauMeHee CUTLHO C8A3AHHbIU C Hell dIeKMPOH.

Kak mpaBwio, mig OpraHMYECKHX MOJIEKYJI SHEPrusi HOHU3ALUU
coctaBisieT 9-12 3B, mosTomy 6GoMOapaMpOBKa 3IIEKTpOHAMU C dHEprueit 50
5B u BbIllIe cOOOIIAET U3OBITOUYHYIO BHYTPEHHIOO SHEPTUIO0 BO3ZHUKAIOIIEMY
MOJIEKYJISIDHOMY HOHY. OJTa SHEpPrus 4YacTUYHO pacCeMBAETCS 3a CUeT
pa3pbiBa KOBAJICHTHBIX CBS3EH.

B pesynpTare Takoro paspblBa MPOUCXOJIUT Paclaj MOJIEKYJISIPHOTO
MOHA Ha 4YacTUllbl MeHblled Maccel (¢dparmentsl). Takoit mporiecc
HAa3bIBACTCA (PparMeHTALMCH.

@pacmenmayusl npouUcxooum usbupamenvbHo, A615emcs
8bICOKOBOCHPOU3BOOUMOU U XAPAKMEPUCTMUYHOU Ol OAHHO20 COeOUHEHUs..
bonee Toro, mporeccsl (pparmMeHTanMU TpeackazyeMbl, U HMEHHO OHHU
OoOyCJIaBIMBAIOT  IMIUPOKHE BO3MOXKHOCTH  MACC-CIIEKTPOMETPUU TSt
CTpYKTypHOro ananusa. [lo CyTH, CTpYKTYpHBIM aHalu3 METOAOM Macc-
CHEKTPOMETPUM 3aAKITIOYACTCS B HJCHTU(PHUKAIMKA OCKOJIOYHBIX HOHOB H
PETPOCIEKTUBHOM BOCCTAHOBJIEHUU CTPYKTYpbl HCXOJHON MOJIEKYJIbI,
HUCXOAS U3 HampaBieHUW (PparMeHTaluu MOJEKYJIsIpHOTO UOHA. Tak,

HaAIpUMEP, METAHOJI 00pa3yeT MOJICKYJIAPHBIN HOH 0 CXEME:

CHOH +e —— [CH3OH].+ (Mm/z 32) + 2e OI[Ha TOYKa — OCTaBIIHUINCS

HEUETHBIM JJIEKTPOH; KOTAA 3apsl
.+

CH3OH, | MonekynspHbIM oH JIOKaJM30BaH Ha OTIEIbHOM aTOME,
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3HAK 3apsJa YKa3bIBaeTCs Ha 3TOM aTOME.
MHor#e U3 3THX MOJEKYJISPHBIX HOHOB pacmanaiTcs 3a Bpems 10710 —

103 ¢ 1 maIoOT s OCKOJIOYHBIX HOHOB (IIEpPBUYHAS (PPArMEHTALMS ):
CHiOH — CH,OH* (miz31) + H

CH;0H —= CHg* (m/z15) + OH

CH,OH —= CHO" (m/z29) + H,

Kaxnprii u3 oOpa3oBaBIIMXCS (PparMEeHTOB Jajieeé caM MOKET
pacnazaThCs Ha erie 0osiee Menkue (pparMeHTh (BTOpUYHAS (PparMeHTaINS).

Eciu HekoTOpble U3 MOJEKYJISAPHBIX HOHOB HMMEIOT JOCTaTOYHO
00JbIIIOE BpeMs KH3HU, TO OHU JIOCTUTAIOT JIETEKTOPa U PETUCTPUPYIOTCS B
BUJIC MMHUKA MOJICKYJIAPHOTO MOHA. [10CKONbKY 3apsid UCXOOHO020 UOHA pABeH
eouHuye, omuowenue MIZ Ons smo2o nuka oaem MONEKVIAPHYIO MACCY
uccnedyemozo eujecmad.

Takum  obOpazoM,  macc-cnekmp  —  3mo  npeocmasieHue
OMHOCUMENbHBIX KOHYEHMPAYUL NOJIONCUMENLHO 3APAHCEHHbIX OCKOIKO8
(6K10UASL MONEKVIIAPHBIU UOH) 8 3A8UCUMOCTIU OM UX MACC.

B cnenuanbHo#l nuTepaType NmpuUBOAATCS TaOMUIBI HanOoJiee 4acTo
BCTpEUArONIMXcs (pparMEeHTHBIX MOHOB, T/I€ yKa3aHa CTPYKTypHas ¢dopmyia
HOHA U ero 3Hauenue M/z [1, 2, 3].

Bricota Hanbosnee MHTEHCUBHOIO B CHEKTpE NMUKa MPUHUMAETCs 3a
100%, a ”HTEHCUBHOCTHU APYTMX MHUKOB, BKIKOYAs MUK MOJIEKYJIIPHOIO UOHA,
BBIPAKAIOTCS B IPOIIEHTAX OT MAaKCUMAJIHHOTO MHKA.

B ompeneneHHBIX Cilydasx CaMbIM MHTEHCHBHBIM MOET OBITh W THK
MOJIEKYJISIPHOTO HOHa. B o0miem ciydae: unmencusHocms nuxa 3agucum om
YCmMOoUdU8oCcmu 06pa3youje2ocs UoHa.

B Macc-cniekTpax 4acTto MPUCYTCTBYET Cepusi MUKOB (hparMeHTHBIX

HMOHOB, pa3IuYaroluXxcs Ha ToMoJiornueckyto pasHocts (CHy), T.e. 14 a.e.m.
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['omonorndyeckne cepud HOHOB XapaKTePHBI JUISI KaXJOro  Kjacca
OpraHUYECKUX BEIIECTB, a IOTOMY OHH HECYT BaXHYIO HH(OpMAIHIO O
CTPYKTYpPE HCCIIETyeMOTO BEIIECTRA.

Tabmura 2.1

I'omomornueckue CCpHUHU NOHOB HCKOTOPLIX KJIACCOB OPTaHNYCCKUX

COEAMHEHNN
Kiacc coenuaenms dopmyia m/z
AJIKaHBI ChH% o041 15,29,43,57,71, 85...
AJKeHbI, HAQTEHbI CnH"on1 27,41, 55, 69, 83...
AJIKWHBI, TUEHBI CnH"on3 25, 39, 53, 67, 81...
CrapTsl, poctbie 3¢uper | ChH2p OF 31, 45,59, 73, 87...
Anbaeruapl, KETOHBI CnH2n1OF 29,43,57,71, 85...
Kucnotsl, cnoxubie 3¢upsl | ChHzn10," 45,59, 73,87, 101...
AMWHBI ChHonioN* 30, 44,58, 72, 86, 100...
Hutpuisr CnHonoN* 40, 54, 68, 82, 96...
AnKun0eH30I1bI 38, 39, 50-52, 63-65, 75-78, 91,

105, 119...

OOBIYHO B Macc-CHEKTpe JII0OOr0 OpPraHWYECKOTO COCIUHEHUS
MOSIBJISAIOTCS NMHMKU ¢ MaccamMud M+1 u M+2, 4To CBSI3aHO, C HM30TOIIHBLIM
COCTAaBOM D2JIEMEHTOB, BXOJSIIMX B OpraHUYecKoe coeauHeHue. Jlis
yno0CTBa 2JIEMEHTHI Ha3biBaroTCsa A, A+1, A+2 B 3aBHCUMOCTH OT TOTO,
KaKoW M30TOI OHU UMEIOT MTOMUMO OCHOBHOT0. Huke mpuBeieHbI JaHHBIE 10

HU30TOIMHOMY COCTaBYy HanboJee YacTo BCTPCUHAIOMIUXCA 3JICMCHTOB.
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Tabmuna 2.2

M3oTonHbIN cOCTaB HCKOTOPBIX 3JICMCHTOB

OnemeHT | M30Ton (ecTecTBEHHOE coliepxkaHue, %) Tun snementa
H 'H (99.99) D (0.01) - A

C 12C (98.9) BC(1.1) - A+1
N 1“N (99.64) N (0.36) |- A+1
O 160 (99.876) - 180 (0.04) A+2
F 1°F (100) - - A

Si 28Gj (92.18) 29Si (4.71) |°°Si (3.12) A+2*
P 31p (100) - - A

S 325 (95.02) $5(0.75) [*S(4.21) A+2*
Cl %CI (75.40) - 37CI (24.60) | A+2
Br Br (50.57) - 81Br (49.43) | A+2

I 1271 (100) - - A

*Conepsxanue u3otonos °Si u 3S HeBenuko, MOITOMy KpeMHHMI M cepa OTHOCATCS K

A+2-31eMeHTaM

CooTHomeHrue MHTEHCHUBHOCTEH NHMKOB M, M+1 m M+2 3aBuCHT OT
3JIEMEHTHOT'O COCTaBa, OT YMCJIa aTOMOB JIAHHOTO 3JIEMEHTA B MOJIEKYJIEe U OT
€CTECTBEHHOTO COj/iepKaHus 0oJiee TSKEI0ro U30Toma 3Toro sjaeMeHTa. Taxk,
JUIS YTIIEBOJIOPOJIOB HAmOoJIee CYIIECTBEHHBIN BKJIaJ B HM30TOIHBIC MHKH
naet usoton °C. JIns MeTaHa MHTEHCHBHOCTH nmuka M+1 coctasur 1.1%
MMKa MOJICKYJIIPHOTO HWOHA, JUISI YIJIEBOAOpOAA C  YEThIPHAANATHIO

m3ororna  °C

15.4%

YIJIEPOAHBIMM ~ aTOMaMH  BEPOATHOCTb  BKIIIOUYECHUSA
YBEJIMYUBAETCSA, IMOITOMY HHTEHCMBHOCTH M+l = 14 « 1.1 =

MOJICKYJIAIPHOT O ITHKA.
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Jlns ompeneneHus 4Yuciaa aTOMOB YTriepojJa B MOJEKYJIE MO Macc-
CIIEKTPY HEOOXOAMMO pa3/ieINTh MHTCHCUBHOCTh NTMka M+1 B mpolieHTax ot
Mmual.l.

Hanpumep, B chnektpe HaOmoAaeTcs  MOJCKYISPHBIM  HOH,
MHTECHCUBHOCTb NMMKa M — 66.5%, mHteHcuBHOCTE M+1 2.29%. Haxoaum

MHTEHCUBHOCTH Nrka M+1 no oTHomeHuto kK M B MponeHTax:

66.5 — 100%
2.29 — x%
x =3.44 %

HaxoauM MakcuMalibHOE YHCIIO aTOMOB yriaepoaa: 3.44 : 1.11 = 3.

HeoOxoaumo yduTHIBaTH, YTO B Ciy4dae MPUCYTCTBUS B MOJICKYJIE
HECKOJBKUX aTOMOB (A+2)-3IEeMEHTOB B CIEKTPE MOTYT TOSBUTHCS
WHTEHCHUBHbIE MKW M+4 u M+6 u T.1. bonee netanbHO 3TOT BOMHPOC
uznnoxed B [3, 5].

CymectByer mpoctoe mpaBuio: «Ecau unmencusnocms nuxa M+2
cocmasnsiem menee 3% om unmencusnocmu nuxa M, coedunenue He
CO0epICUm amomos Xaopa, opoma, cepvl U KPeMHU.

Xmop, OpoM, cepa U KPEMHHUM XOPOIIO HACHTUPHUIIUPYIOTCS Macc-
CIIEKTpOMETpUEH, Onaromaps XapakTepHOW Uil KaXJIOro JJEMEHTa
MYJIBTUIIJIETHOCTH curHajia (puc. 2.2).

BaxkHO TOMHUTB, MacC-CHEKTPhI, TOJYYCHHBIE Ha MpUOOpe
SAMHUYHOTO Pa3peIICHHUs, JAJIEKO HE BCETAa MO3BOJISIOT aICKBATHO OICHUTH
MYJIbTUILIETHOCTh CUTHAJIA (TIO CYTH, JIEMEHTHBIN COCTaB).

Haoesicnas unmepnpemayus mMyniomuniemHoCmu CUSHAA 803MOICHA
MONILKO NPU NOJYYEHUU MACC-CREKmpa HA Npubope 8blCOK020 pa3peuleHusl.
CoOCTBEHHO, Ha 3TOM W OCHOBaHAa METOJHMKA OMPEICICHUS 3JIEMEHTHOTO

coCTaBa METOOOM MacCC-CIICKTPOMETPHUH. Hcnons30Banue Macc-
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CIHCKTPOMCTPHU JId YCTAHOBJICHUS 3JICMCHTHOTO COCTAaBa BCIICCTBA XOPOIIO

ocBeleHo B auTepatype [3, 5].

. (a)

M+2
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Puc. 2.2. Macc-cnexmpul cepoyenepoa (a), smunxiopuoa (6), smunbpomuoa (8).

2.2. UnTepnperanusi Macc-CeKTPOB ¢ HOHM3anuel DY

HNHTtepnperanuss macc-CrieKTpa BKJIOYaeT B ceOsl HMISHTH(HUKAIUIO
MOJIEKYJISIDHOTO HMOHa, (PparMEHTHBIX HOHOB U HAMMCAHUE CXEMBI
(¢parMeHTalMK, YTO SBIAETCS HE TMpocTod 3amaueid. Ilpu s3TOM, K
COXKaJICHWI0, HE CYIIECTBYET OOIIeH METOIWKH OO0y4YeHHUs pacim(ppoBKU
MaccC-CIeKTPOB, KaK ATO HMMEET MECTO B JIPYTMX CHEKTPaJbHBIX METOJax

(UK-, SAMP-cnektpockomusi). TeM He MeHee, MOXHO CcHOpMyIUpOBaTh
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OCHOBHBIC JTambl PEIICHUS 3aJa4yd WHTEPIPETAllMi JaHHBIX MAacc-
CTIIEKTPOMETPHH.
C yero HauaTb?

1. O6s13aTenbHO HEOOXOAUMO UMETH CIIPABOYHYIO JUTEPATYPY, € OMUCAHBI
OCHOBHBIC  3aKOHOMEPHOCTH (parMeHTallud  KIACCOB  OPTaHUYECKHUX
BCIIECTB,  OXapaKTepHW30BaHbI  HAWOOJEE  YacTO  BCTPEYAIOIIHECS
(bparMeHTHBIC HOHBI (CTPYKTypHas ¢opMyiia, 3HaueHue M/z), Hanpumep, [1,
2].

3agactyi0  CTpyKTypHass QopMmysa HcciaenlyeMoro obpasua HM3HAyaJbHO
npeanojaraeresa, a 3Ha4uT, C€CTb BO3MOKHOCTB YCTAHOBUTH KJIACC OPraHUYCCKOIo
BCHICCTBA, IIOCMOTPCTL B CHpﬂBO‘IHOﬁ JIATCPATYpE OCHOBHBIC 3aKOHOMCPHOCTHU

(bpaFMCHTaIII/II/I n C DJOTux HO3I/II_II/II71 IOIBITATECA IMMPOAHATIU3UPOBATL HMCIOIUCCA

OKCIICPUMCHTAJIbBHBIC PE3YJIbTATHI.

2. Heob0xomumo uMeTh MaKCHMAJIBHO TIOJIHYIO HH(oOpmMamuioo 00
I/ICCHeﬂyeMOM 06pa3ue (Bnpoqu, 9TO TpC6OBaHI/I${ IIPUMCHUMO KO BCEM MCETOHdaM
I/I[[GHTI/I(bI/IKaLII/II/I OpTraHU4YCCKUX BGHICCTB):

® CXEMa peaklyH, B pe3yJibTaTe KOTOPOU MOJYyYEHO COEIMHEHHUE;

® YCJIOBHUS pEAKIUU (peareHThbl, PaCTBOPUTEIID);

® CXOJIHBIE TPOIYKTHI, TOOOYHBIC MTPOTYKTHI;

® METOJ BBIJICTICHUSI U OUYUCTKU (PEareHThl, paCTBOPUTEIND);

® pe3yIbTaThl MCCIENOBAaHUS JTAHHOTO COCTUHEHHS IPYTMMH METOAaMH

(AAMP-cniexTpockomnus, UK-cniekTpockomnusi).
3. HeoOxomuMo TmiaTenbHO MoOpaboTaTh € HMMEIOIMUMUCA 0Oa3zaMu

CIEKTPAIbHBIX JaHHBIX (BCe COBPEMEHHBIE MACC-CIIEKTPOMETPHI CHAOKEHBI
0a3zaMu JaHHBIX, KPOME TOTO, CYIIECTBYIO 0a3bl JaHHBIX B ceTsax Internet ceobogHOTO
nocryma [4, 6]).

® JKCJIaTCIIbHO MMETh MACC-CIICKTP MCXOTHOTO IIPOAYKTA,
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® BO3MOXHO, MCCIIEAYEMOE BEIIECTBO MNOJydYald paHee U I HEro
U3BECTEH MaCC-CIEKTp.
4. YTOUHHTH W 3amucaTh B padOUYWil )KypHaJI MapaMeTpbl CheMKH (Mapka
Macc-CIEKTPOMETpa, TUIl  JETEKTOpa, OJHEPTrus  HOHU3UPYIOIIETO
U3IIy4YEHHUS).
5. IlpuctynuTh K aHAIM3y OOIIETO BUAA CIIEKTPA:
® ONpENEIUTh, MPUCYTCTBYET JIU B CIIEKTPE MUK MOJICKYJIIPHOTO
MOHa;
® BBIJICJIIUTHh MUKU B 001aCTH OOJBIINX Mace (KaK MPaBUIIo,
MHTEHCUBHOCTb 3THX [TUKOB HE BEJIMKA, HO OHU HECYT
CYILIECTBEHHYIO MH(OPMAIIKIO O HAMPaBICHUH (hparMeHTaLIUH );
® BBIJICIUTH B CIIEKTPE HanbOJIee MHTEHCUBHBIC MUKH (KaK
MIPaBUJIO, OHU SIBJISIFOTCSL XapaKTEPUCTUUECKUMHU 1151
dbparMeHTaluu OnpeIeICHHOTO Kilacca OPraHudeCcKuX
COEMHEHUN );
® BBIJCIHUTH B CIIEKTPE TOMOJIOTHYECKUE CEPUU (OHU TAKKE
XapaKTepHBI 1Jis1 (PparMeHTaIMH ONPEACIICHHOTO Kacca
OpraHUYEeCKUX COETMHEHH).

Jlanee 3agaya WHTEpHpETAllMM MAacC-CHEKTpa HMMEET HECKOJIbKO
BapUAHTOB pPEUIEHUS B 3aBUCHUMOCTU OT TOTO, MPEANOJaraercs M3HadyajbHO
Kakas-TO CTPYKTypa WU HET, (QUKCUPYETCS JIM MOJICKYJISIPHBIM HOH,
OOHapy>XE€Hbl JIM «y3HaBaeMble» (parMEeHTHbIE HWOHBI WIW KJIACTEPHI
rOMOJIOTUYECKUX cepuil. OUeBUAHO, YTO OMUCATh PEIICHUS BCEX BO3MOXKHBIX
BapUAHTOB 3aJad HEBO3MOXHO, Ja M He uenecooOpa3sHo. Huxe Mbl
npuUBOIUM HMH(GOPMAIIUIO, KOTOpas MOXKET IIOMOYb IIPU OIpeeeHUN

MOJIEKYJIIPHOTO MOHA U HaIlpaBlieHUs (hparMeHTaI1u.
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2.2.1. UnenTpuKkanusa nuKa MoJIEKYyJISIPHOT0 HOHA

HamomuuMm, uTo maeHTU(UKAIIAS MOJEKYISIPHOTO MOHA B CHEKTpax C
MOHM3AIIMEN JIEKTPOHHBIM YAapOM 3a4acTylo ObIBAaET MPOOIEeMaTHUYHOM: MUK
MOJKET 0Ka3aThCsl Maj0 MHTEHCUBHBIM MJIU BOBCE OTCYTCTBOBATb.

Kak omnpeaeanTb, JaHHbIH HOH fIBJSIETCH MOJEKYJISPHBIM HJIN
¢pparmenTHbIM? KOHEYHO, e€ciu €CTh BO3MOXHOCTb, TO CJEIYET CHSTh
CIIEKTP C XMMHUYECKOW MOHU3ALMEN; B 3TOM Cilydyae BbI MOJydynuTe CIEKTp C
WHTEHCUBHBIM MOJIEKYJISIPHBIM HOHOM, ITPU HE3HAUYUTEIHHOU (hparMeHTalluHU.

B nporuBHOM ciiydae npuaercss TOpuOETHYTh K  HEKOTOPHIM
AMITUPUYECKUM MPABUIIAM.

1. A3otHoe mpaBuno: «Monekyna ¢ 4emHoUu MOJNEKYIAPHOU MACCOU
UO0 He 00JICHA cooepicamb a3om, AUOO YUCIO AmOMO8 A30ma OOJHCHO

OblMb YEeMHBbIM)).

X X

P 2-rMapoKCUNUPUAONH, P 2-aMUHONUPUAOVH,
N OH m.m. 95.04 N NH, m.m. 94.05

2. OOBIYHO MOJEKYJSIPHBIA HMOH JIerKo oTmeruisier Mojiekynsl CO,
COg,, H20, C;H4, Hal; pagukansr Alk-, H-, Hal-, OH-.

Ilomepu u3 monexynsaprnozo uona om 5 0o 14 unu om 21 oo 25 a.e.m.,
npugoosiuue K BO3HUKHOBEHUIO UHMEHCUBHbIX NUKO8 UOHO8, KpatiHe
MAN08eposmHbl.

Hanpumep, B Mmacc-CrieKTpe caMbli TsKeEbIM HOH 120, cienyrommil 3a

HuM — 112. BeiBog: mon 120 — He MONEKYIISIpHBIN, a (parMEeHTHBIH.
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3. Kak yxe oTMeyanoch, WHTEHCUBHOCTb MOJIEKYJIPHOTO HWOHA
ompenensieTcsi  ero  crabuiabHOCThIO.  CnocobHocmb  OpeaHuyeckux

coeouneHull 0asams NuK MOJIEKYTIAPHOCO UOHA YMEHbULAENICA GP}ZOy:

ApoMaTtunyeckue coeguHeHus
COMpPSHKEHHbIE anKeHsbl

HacCblLLEeHHbIE LIMKNYEeCcKNe coeanHEHNS
opraHuyeckune cynbduabl

Hepa3BeTBJIEHHbIE allkaHbl C KOPOTKMMU LendaMun

TUObI N

4. Obviuno 3amemHble NUKU MONEKYJAPHLIX UOHO8 00pasyom credyuue

COCOUHEHUSL:

KETOHbI YMeHblleHne
cnocobHocTn

aMUHbI 0bpa3oBbiBaTh
MOIEKYSIPHbINA
NOH

CNOXHble apunpbl

npocTble 3umpbl

KapBbOoHOBbIE KUCMOTbI, anbaerabl, amuabl, ranoreHnpounssoaHsble

5. [Ilux Mmonexkynsipno2o uoHa yYacmo He OOHapyxcueaemcs O
anugamuieckux CRUpmos, HUMPUNO8, HUMPAMOS, HUMPOCOEOUHEHUL,
HUMPUMO8, CUIbHOPA38EMBLEeHHbIX COeOUHEHULI.
6. HeoOxomumbie  ycioBHS, KOTOPBIM  JOJDKEH  YAOBIETBOPATH
MOJIEKYJISIPHBIN UOH:

1. Nmeth camyto OOJBITYIO0 MOJEKYJISIPHYIO Maccy B CIIEKTE;

2. BbITh HEUETHORIEKTPOHHBIM (OMpeAeCHIE HeHACKIIEHHOCTH R);
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3. boiTh cmocoOHBIM 00pa30BBIBATH BAXKHEWIINE HOHBI C OOJBIION
Maccoii 3a cyet BbIOpoca HEUTpaIbHBIX YaCTHII;
4. Bxiroyath BCE JJIEMEHTHI, HaJM4uMe KOTOPBIX B 00pas3le MOKHO

YBUIETH MO (PparMEHTHBIM HOHAM.

CreneHb HEHACHIIIEHHOCTH (YMCJIO KPaTHBIX CBA3EH U IUKIOB B MOHE)
MOJKHO pacCUMTaTh HECKOJbKMMHU criocobamu [1, 3, 5], 3mech MbI mpuBeaeM
METOJI, OCHOBAHHBII Ha 3aMEHE TEeTEePOATOMOB  YIJIEBOJAOPOAHBIMHU
dbparmentamu. CyTh METOA CBOJUTCS K CICAYIOIIEMY:
® BCE OJHOBAJICHTHBIC DJIEMEHTHI (32 MCKIIOYEHUEM BOJOPOJA)
3amensaroTcea rpynnamu CHs, nByxBanentHbeie — CHp, TpexBaneHTHBIE —
CH, geTbIpexBajieHTHbIE (32 UCKIIIOUEHHEM caMoro yriepoja) — C;

e rmoJiydeHHas (GopMysa cpaBHUBAETCS ¢ (POpMYIIOil ajikaHa C TaKUM Ke
COJIep>)KaHHEM aTOMOB YTJIEPO/Ia;

® pa3HOCTh MEXIY YMCIOM aTOMOB BOJOpoJa B ankaHe (2N + 2) u B
oOpaslie, JelieHHas Ha «2», JaeT Beluuuny R.

HpHMep: BBIYMCJIIMM CTCIICHb HCHACBIIIICHHOCTH HOHA COCTaBa

C5H9N302CIBr.

CsHgN3O,CIBr: CsHg + 3CH + 2CH; + 2CH3 = Ci2H2;
BbpytTo hopmyna coorBercTByromero ankana CioHos (ogexan).
R=(26-22)/2=2

BoiBoa: HenachwilieHHOCTh = 2, HEYETHORJICKTPOHHBIM, MOXKET OBITh

MOJIEKYJISIPHBIM HOHOM.
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2.2.2. dparMeHTallUs U MIePerpyNnupoOBKHU

O0mme mpaBWia IAJsi NpeIcKa3’aHusi HauOojee HWHTEHCHBHBIX
MHKOB B MaCC-CIEKTPe, MOJYYEHHbIM C HCIOJIb30BAHHEM 3JIEKTPOHHOTO
yaapa

1. OtHocuTeNnbHAas WHTEHCUBHOCTh TIMKAa MOJICKYJISIPHOTO HOHA
MaKCcHUMaJbHa JJIs Hepa3BETBICHHBIX COCTUHEHUH M YMEHBIIACTCS TI0O Mepe

YBCIIMYCHUA PA3BCTBICHHOCTH.
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Relative Intensity

2.  Pa3peiB  cBA3eld  NPOMCXOAMT  MPEUMYILIECTBEHHO IO

AJKWIBAaMCIICHHBIM aTOMaM YIJICPO/JIa.

[IpaBuio BEIOpOCa MAaKCUMAIBHOTO AJIKMJIBHOTO pajrKaia:
Humencusnocme nuxa uoH08, o00pazyrwuxci npu  8vibpoce
MAKCUMATbHO20 pAOUKANA — HAUBLICUIASA, NPU BbIOPOCe MUHUMATLHOZO0

padukaﬂa - HU3uas

C4H9\I(I:/C3H7 -C,Hs CH,CH,CH; -CH, CaHo~.-CaHs
on H3CH,CH,CH,C gHCHZCH3 g“
m/z 129 . N m/z 115
| = 78% j -C4Ho | = 85%
CZHS\C/C3H7

}{
@ m/z 101 WHTeHcmBHOCTb nuka (1) = 100%

3. HacpblllleHHbIE LUKIIBI CIIOCOOHBI TEPATh OOKOBBIE LIEMH NPHU O-CBA3M.

[TonoxxuTeNbHBIN 3apsi] OCTAETCS HA IMKINYECKOM (parMeHTe.

o+

©)
(CHIN  HCER| —= (CHN  CHy + R

100
HE-Hl-3915

] Macc-cniexktp Y
50 C [M*] - 43 H-TIPOTIMJIIIUKIIOTIEHTaHA

(MonexsipHBIiA MoH 112)

60—

40 —

20—




4. Pacnmam apomaTHYeCKUX alKWI3aMEIICHHBIX COCIUHEHUN HamOosee
BEpOSITEH MO [-CBSI3U OTHOCUTENBHO IHKJIa. B pesynbrare mnomxydaercs

OCH3MIILHBIN HOH, WJIKX NOH TPOIINJIHA.

Cs _R
fc
R : @ H

* CH, H

‘ H +
R,
H H tponunuii-katnon
H H m/z 91
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5. C yBenM4YeHHEM MOJICKYJISIPHOM MAacChl B TOMOJIOTUYECKOM PSay
OTHOCUTEJIbHAS WMHTEHCUBHOCTh TIMKAa MOJEKYJSIPHOTO HMOHAa OOBIYHO
yMeHbIaeTcs. VckimoueHnne — clioxabie 3(UPHI )KUPHBIX KUCIIOT.

6. JIBoliHbIC CBSI3M, UKIWYECKUE CTPYKTYpPhl U, OCOOCHHO apOMAaTUYECKHE

(rerepoapoMaTHYECKUE) ITUKIIBI, CTAOMIN3UPYIOT MOJIEKYJISIPHBINA HOH.
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7. JIBoifHBIE CBS3M CIOCOOCTBYIO QJUTMJIBHOMY pachaiy ¢ oOpa3oBaHHEM

AJIJIMJIBHOT'O Kap6OKaTI/IOHa.

CRrl™* :

R --CR +

_ ~ I _ P . 1/2+ 1/2

R CHZ CI: H R CH2 CI: |l| — R + HZC:C.—:—C_R
- - N

8. CJICI[YIOHH/IC 3a IrecTcpoaToMOM CBA3U C-C yacro Pa3pbIBAOTCA, OCTABJIAA

3apsi1 Ha CO/IepIKaIleM reTepoaToM pparMeHTe.

H, R ECER'

C..R
R X X

9. Pacnmag d4acTto COMNpPOBOXKAACTCS DIMMUHUPOBAHUEM  HEOOJBIINUX
ycToiuuBbiX HeuTpabHbIX Mojekysa (CO, CH2CHz, H,O, NH3 u np.)

10.  HeoOxomumo  3HAaTh  HEKOTOpbIE  CHENU(PUYECKUE  HOHBI,
XapaKTEPU3YIOIINECs MHTCHCUBHBIMU TTUKAMH .

m/z 77 — dpennn CgHs

m/z 91 — tponunuii C7H7 (6eH3m)

m/z 30 — amunorpymmna CH;NH;

m/z 105 — 6enzoun PhC=0

10. Ecmu cnektp XapakTepuszyeTcs OOJIBIIMM YHUCIOM (PparMeHTOB, MHKH
KOTOPBIX HMEIOT BCE OOJBINTYI0 WHTEHCHBHOCTH TMPH IBWKEHWW BHHU3 10
IIKaje Macc, CKOpee BCETo 3TO au(aTHIECKOe COSTUHEHUE.

11. Penkue MHTEHCUBHBIE TTUKU XapaKTEPHBI TSI apOMaTHIECKUX CTPYKTYP
12. ITuxku ¢ maccoBbiMu unciaamu (3, 147, 207, 281, 355 u T.1. HE OTHOCATCS
K CHEKTPy HCCIEIyeMOTO BEIIeCTBa, a SBISIOTCS CIEACTBHEM BBIOpOCa
¢parmMeHTOB HanboJee PacpPOCTPAHEHHBIX MOJUAUMETHICUIMKOHOBBIX (a3

XpoMaTorpaduuecKoil KOJOHKH B ICTOYHHK MacC-CIICKTpPOMETpa.
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IHeperpynnupoBku

PaccMoTpeHHbple  BbIlIE  @paBUja  OOBSCHAIOT  0Opa3oBaHUE
(parMeHTHBIX HMOHOB IyTeM IMPOCTOTO pPa3pbiBa CBS3EH B MOJICKYJISIPHOM
HOHE.

OnHako B Macc-CIIEKTpax BCTPEYaOT MOHBI, OOpasyrouiuecs B
pe3ynbTaTe BHYTPUMOJIEKYJISIPHOM NEpPErpynmnupoBKH aTOMOB B IIpoLecce
¢parmenTaru. OCOOEHHO WIMPOKO PACIPOCTPAHEHBI IMEPErPYNIHUPOBKH,
BKJIIOUAIOIME MUIPALMI0 aTOMOB BOJOPOAA B MOJIEKYJaX, COJIEPIKaIUX
rereparoM. OIHON U3 HauOoJee BaXHBIX TAKUX MEPErPYNIUPOBOK SIBISIETCS

neperpynnuposka Mak-JlagpdepTu (puc. 2.3).

.b H R ‘b,H (g,H O,H
~— 1. —
Y - RHC=CH, Y)\I;H Y)\(IZH Y)@(IJH
R’ R R R

Puc. 2.3. Obwas cxema nepecpynnuposku Max-Jlaghghepmu.

YtoObl MOJIEKYyJla MOIJIA IPETEPIETh YKa3aHHYIO MEPErpyriupoBKY,
OHa JOJDKHA UMETh MOAXOMAIIUM 00pa3oM pacIoJIOKEHHbIE TeTepoaToM
(mampumep, O), m-cucteMy (OOBIYHO ABOMHYIO CBSI3b) UM CHOCOOHBIA K
OTILETUIEHUIO aTOM BOJOPOJA B Y-IIOJIOKEHUU OTHOCUTENBHO rpymnmsl C=0.
[IIupoko  pacnpoCTpaHEHbl  MEPETPYHIIMPOBKH,  CONPOBOXKIAKOLIUECA
JIMMUHHUPOBAHUEM  YCTOWYMBBIX  HEUTPAIBHBIX  MOJIEKyJl.  Takwue
NEPETPYNIUPOBKM  4YacCTO  NPHUBOAAT K  TOSIBJICHUIO  MHTEHCHUBHBIX
XapaKTePUCTHUECKUX IMHUKOB, 3HAYUTEJIHbHO OOJEryarouMx HHTEPIPETaLUIo
CIIEKTPAJIbHOU KAPTUHBI.

Hanpumep, B ciekTpe TUAITHIOBOTO (MEIUIIMHCKOTO) 3dupa (puc. 2.4)

Ha0Ir01aeTCs MHTEHCUBHBIN UK ¢ M/z 31.
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Puc. 2.4. Macc-cnexkmp ¢ Y ousmunosoco s¢hupa.

Ero mpoucxoxnenue oObACHATCS mneperpynmnupoBkord Mak-Jladhdepru
¢parmenTHOrO WOHa ¢ M/z 59 (puc. 2.4, 2.5), B pe3ympTaTe Yero

OQJIMMUHHUPYCT MOJICKYJIA OTHJICHA.

" % (":|2 @
/\O/\ - HZC// \ﬁ/ “H H2C:CH2 + HO:CHZ
-CHg 2 m/e 31
m/e 59

Puc. 2.5 . Cxema ¢ppacmenmayuu monexkynapHo2o uona oudsmuno8o2o 3¢upa.

[leperpynnupoBka Mak-Jlapdeptu Habmomaercs npu pparmeHTanuu
MOJICKYJISIPHBIX HOHOB CHHMPTOB, KETOHOB, CJOKHBIX 3(HPOB, aMHIOB,
AJIKWITETEPOIUKJIOB, APOMATHYECKHX MPOCTHIX 3QHUPOB, BHHUJIOBBIX
3¢upoB, 0j1ePUHOB.

[Tuku TEeperpynmupoOBOYHBIX HOHOB MOXKHO HJICHTH(HUIIMPOBATH,
paccmarpuBas ~ MaccoBble  umcia  (M/Z)  OCKOJOYHBIX  HOHOB M

COOTBCTCTBYIOIINX UM MOJICKYJIAPHBIX HOHOB.
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[Ipoctoii (0e3 TmeperpynmupoBKH) pacnad MOJNEeKYIAPHO20 UOHA C
YEeMHBIM MACCOBLIM YUCTIOM Odem OCKOJOYHbIL UOH C HEYEeMHbIM MACCOBbIM
YUCTIOM.

[IpocToit pacnad monekyiapHoe0 UOHA C HEYEeMHbIM MACCOBLIM
YUCTIOM 0aem OCKOJIOK C YeMmHbIM MACCOBbIM YUCTIOM.

Iluk ¢ yemHbLIM MACCOBBIM YUCTIOM, BOZHUKAIOWUL U3 MOJIEK)IIPHO20
UOHA C YemHbIM MACCOBbIM YUCIOM HOAYYAemcs: 8 pe3yibmame 08yX

pacnaoos, KOmMopbule CoOnpo8oHCOAOMCs NePecpynnUPOSKOL.

2.23. OOmasi XapaKTepUCTHKAa  MAacC-CIIEKTPOB  KJIACcCOB

OPraHuYeCKUX COeIMHECHMH.

Hepa3BeTBJjieHHBIE ajiKaHbI (CM. 11. 2.3.2, Macc-CIEKTp TEKCaHa)

Monexynapnoiti  uon. CpenHe WHTEHCUBHOCTH, WHTEHCUBHOCTD
CUTHajia YMEHBIIAeTCS C YBEIHMUECHUEM CTETICHH Pa3BETBICHHOCTHU (npasuio
1).

Dpacmenmayus. AnkuibHble parMeHTHI Oobioro pasmepa (¢ C >4)
oOpa3yloTcs, IJIaBHbBIM  oOpa3oMm, mOpu  mOpsMoM  pacmaze. Ux
JETUJIPOTEHUPOBAHUE COMPOBOXKIACTCS TEPETPYNIUPOBKON € y4aCTHEM
atomoB H ckenera. AnkuibHble parMeHThl MeHbIIero pasmepa (ot C, no
C4) oOpasyroTcs mpu BTOPUYHOM pacrajie 0oJjiee KPYIHBIX aJIKUIbHBIX
¢parmenToB. OIHOBPEMEHHO TPOUCXOIUT JIMMUHUPOBAHHE TPYyMNN U3
cepearHBI 1enu (M peKOMOUHAIINS €€ KOHIIOB).

Cepuu uonos. Anxanosas cepust CoHan + 1 (M/z 29, 43, 57, 71, 85 ...).

MakcuMyM MHTEHCHUBHOCTH Haxomutcs npu M/z 43 wim 57. TTuku CoHap + 1
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conpoBoxaaroTcs curHaiamu CpHa, -1 (M/z 27, 41, 55, 69...) u CyHay (M/z
28,42, 56, 70...) MeHbIIICH HHTEHCUBHOCTH.

Hepa3BeTBJjieHHBIE aJIKEHbI

Monexynsapnuiti uon. Kax nmpaBuiio, HacHTUGUITUPYETCS.

®paemenmayusa. 1lpeobnanaer OTIIEIVICHUE AJKUIBHBIX OCTATKOB U
HEUTpalbHbIX  ankeHOB. Ompexnenenne mnonoxenua C=C-cBsi3u B
AIMKIMYECKUX aJIKeHaX 3aTpyldHeHo. HeBO3MOXKHO Takke OmNpeneauT
MPUHAIICKHOCTD K yuc- Wik mparnc-u3omepy. OTHAKO CIeAyeT YIUTHIBATH,
YTO MHTEHCUBHOCTH MOJICKYJISIPHOTO HOHA MpaHc-N30Mepa BBIIIE, YEM Y YUC-
u3oMepa.

Cepuu uonos. IlocnenoBareIpHOCTH MMKOB, COOTBEeTCTBYIOmUE ChHap -
1 (27, 41, 55, 69, 83...), conpoBOKIAIOTCSA CUTHAIaAMHU alkuiabHBIX ChHap + 1
(m/z 29, 43, 57,71, 85 ...) u ankenoBbix noHoB CyHz, (M/z 28, 42, 56, 70...)
OOBIYHO MaJIod MHTEeHCHBHOCTU. (OOpa3oBaHHME  AJKEHOBOW  cepuu

00YCJIOBJICHO aJUTHIBHBIM pacriaaoM (npasuio 7):

VR 12" 12"

R-CHyCH-CH-R — R * H,C=CH—=CH-R

|—-41 i CsHy* 0
& 100 1 / 7 69*]‘/ C-Ho* 1
8 ] 7Hy B-Muprien
= )
: I RN
- M.
g 5 |
=~ -
— 80
2 350 1 CH;* 1 l M*
= . 121
= ] 7 136
=7 551/ { “ \ 117+
1| IH d l | 1l || .
O 11 ]|||l[|‘||l|lllll!lllllllll Illllrlllllllll]lillll' |I||||||IIIII|||||||||I|l|]|||l]l||r{1r||||I|l

40 50 60 70 80 sz 90 100 110 120 130

Puc. 2.6. Macc-cnexmp ¢ uonuzayuei Y f-mupyena.
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ApeHbl

Monexynsapuoiti uon. VIHTEHCUBHBIM THK BCJIEJICTBHE CTAOMIU3AIUU
(npasuno 6).

®paemenmayusa. CoeNUHEHHS] TPOSBISIIOT C€JIa0yl0 CKIOHHOCTh K
dparmentanuu. [Ipoucxonur sanumunupoBanue H- C nmocnenyroiei norepei
Hz, yto mpuBomut k mmkam [M-1]+, [M-3]+, [M-5]+ c¢ yOsiBaromiei
UHTEeHCUBHOCTHIO. [locneayromas Tunu4Has ¢parMeHTaus COCTOUT B
oTmieryieHu areruiena (Am 26) u CsHz (Am 39).

B Macc-cniekTpax ankuiIOEH30JI0B TOSIBISICTCS. WHTCHCUBHBIA MUK
(wacto MakcumanbHbil) ¢ Mz 91 (C7H7") (nmpasuno 4), npu 3TOM YacTo
HaOJOmaeTcs MUK ¢ M/z 65, 4To OOBACHSETCA HSIUMUHUPOBAHHUEM

HEUTPAJIbHOM MOJIEKYJIBI ALIETUIIEHA U3 TPOIIMIIMEBOTO UOHA.

Cepuu uonos. Iuxku CyHp u CHpy (M/z 29, 51-53, 63-65, 75-77...).

AnndaTudecKkue CHUPTHI

Monexynapuoii uon. OOBIMHO CNAOBIA, UISI TPETUYHOTO CIHUPTA —
9acTO HEepas3JIUIuM.

®paemenmayus. PasppiB cBa3u C-C ¢ aToMoM Kuciaopoaa —
3aKOHOMEPHOCTh (npasuno §). Ilpu 3TOM B Macc-CIEeKTpax NepPBHYHBIX
COMPTOB HAOMIOMAaeTCd XapaKTepHBIM MUK, OOYCJIOBJICHHBIA HOHOM
CH,="OH (m/z 31); y BTOpMYHBIX ¥ TPETHYHBIX CIIUPTOB — XapaKTCPHbIC
nuku, oOycnoBiaeHHble MoHamMu RCH="OH (m/z 45, 59, 73 u 1.4.) u
RR’C="0OH (m/z. 59, 73,87 u 1.11.).

Yacto ¢ukcupyercs 3HaUNTEIbHBIM TMK npu M — 18 (oTmemienue

BOJIbI).

R. _H +H =S .
=BAs R, Hg-H R
— @
-H,0
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XapaKTepHI)IM AJIs1 BCCX CITMPTOB ABJIACTCS SJIMMHUHUPOBAHHUC BOABLI U

aJIKeHa, 4To 00yCJIaBIMBAET MOsABICHUE MUKa pu M — (anken + H,0), T.e.

[M- 46], [M-74], [M-102]:

R._H/*

¥

Cepuu uomnos. llpeoOnamaroT mMocie0BaTEILHOCTH HOHOB AalKEHOB

CnHan -1 (41, 55, 69...), CoHan (m/z 42, 56, 70...), compoBoxaaroImecs

H _H,c=CH,

~ [ H,C=CHR]*

- H,0

oonee cnadbbiMu mukaMu ChHn+1O (M/z 31 (mpeobnamaer B mepBUYHBIX criMpTax),

45,59...).

M- (H20 L g CH2=CH2)

429 i31
A 3 319 /2 / 57:
o5 55 e
§ ] 1 M-H,0 TlenraHon-1
§ - C5H120
S 50 1 70 M.m.:88
E é r57 M-1
4 87
| l I [ I +l—! 11y -!
0 LLELELIN L I L L L I L L L L L L BB LR B
20 30 40 50 sy 60 70 80 90
45-| §45
— N
® 1003 43
§ 3 OH
E 1 ITenranomn-2
3] 7 M- (H20 + CH;—CH;) M- (Hzo + CHg) C5H120
X £
E 50 : M.m.:88
< 3 559 M-H0 M- CH; .
O llllllllllllll'lll] |=l| }IIIIIIllllll[llT‘r|l||llilI!lllllII||||||.III|I||||I||
20 50 60 70 80 90
159
® 1003 /2; OH
g ] M-tioecm=cmy YTOFRO CH3) M7; il = T
g 1 3 CsH0
= 3 399 r4s M-H,0
. M ; )
0 llllllIII]IIlll'llllllllllllllllll|l|l TllllllrrlrﬁTlr']lllll’l|||’||l||||||
20 50,y 60 70 80 90

Puc. 2.7. Macc-cnexmpul ¢ uonuzayueti Y uzomepuvix neHmMaHo08.
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ben3unoBbie cIMPTHI

Monexynapnuoiti uon. UIHTEHCUBHBIN MTHK.
@paemenmayusa. Iloreps H+ n nocnenyromee snumuHupoBanue CO

(Am 28) nmpuBOAUT K MPOTOHHPOBAHHOW MOJIEKYyJile O€H3051a, OT KOTOPOMl B

JnanpHenmeM otpeiBaeTcs Ho.

oo
-H - CO -H
®—< _> @z\ CeH" — = Cghs’
OH OH

0 m/z 77 (65%)
M* (80%) [M-1]* (65%) m/z 79 (100%)

Bropoe BaxxHoe HarpaBieHue pparMeHTanuu — 3aumMuHuposanue OH-

(Am 17) ¢ oOpa3oBaHHEM TPONUIMNA-KATHOHA!

OH

M™ (80%) [M-17]* , C;H5, m/z 91 (25%)
9 108
100 —
HE—HNW-5454
B0 —
__ 107
=
2
50—
_-—
=
v - 77
=
pr—
D 40
L
[
91
20—
n} |||||||I||||||||!I!|!|||||I!!iI|I|||||=!|||!|Ii|||||=!!I!i||||||i!H!!i|||||||!|||I||||||||||||!I !|
10 20 Z0 40 50 &0 70 20 Q0 100 110
m/z

Puc. 2.8. Macc-cnexmp ¢ uonuzayueii 3Y benzunosozo cnupma monexynsapusiil uotr 108).
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deHoabnl

Monexynspubiii uon. JJoCTaTOYHO HWHTEHCHUBCH, B caMoM (eHoje —
OCHOBHOM.

®Dpaemenmayus. O6bruHO HaOMIOHa0TCsA MukK HoHa CeHs™ ¢ M/z 77 u
1Ky, Bo3HuKaromue rnpu norepe CO [M-28], CHO [M-29]. Baxnyo poiib
urpaet noteps H,O, (Am 34), H,0 (Am 18), HO: (Am 17) u O (Am 16).

Cepuu uonos. I'maBHBIM 00pa3om, apomarmueckas cepusi ChH, wu

CoHnar (m/z 29, 51-53, 63-65, 75-77...). OOBIYHO TNPHUCYTCTBYET

He3HaunTenbHbIi muk mM/z 55 (C3H3O). IMuxk m/z 69 (O=CCH=C=0)

XapakTepeH 1 1,3-TuruapoKCUIbHOIO 3aMEIEHHOTO.

HO 107-|

£ 100 1 [M - CH;]*
§ . 0-OtrndeHon . 122
2 30 4 CgH;0 CeHs* M - H,0] - 1l
é 3 M.m.: 122 77_1‘/

E|-39 51—| l 91-| 103']

O -lIIIIll[llIl'!lll]llllll|ll|llIIlIm—lll=lI|llI]lIlII:IIIIII’IIII:IIlIl]llll'llllllll:I|
40 50 60 0 s 80 90 100 110 120

Puc. 2.9. Macc-cnexmp ¢ uonuzayueu Y opmo-smunghenona.

IIpocTbie 3¢pupsbi

Anugpamuueckue 3gpupor

MonexynsapHoiti uon. 3aMeTHBIM WU CHA0BI MUK, WHTEHCHUBHOCTh
YMEHBIIIAETCS 110 MEPe YBEINYECHUS JIJTUHBI 1IEMH U PA3BETBICHHOCTH.
Ppaemenmayus.
1. T'omonutuueckuit pa3pweiB cBsizu C-C psgoM ¢ aTOMOM KHUCIOPOJA.
[IpeumytiecTBEHHO pa3phIBae€TCS CBSA3h OKOJO Hambojee 3amenieHHoro C-

aToMa ¢ OTPBIBOM CaMOM KPYITHOM alKHJIbHOU TPpYIIsl (npasuio 2).
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TN R e T\ ©
1
R —< — o=" — R 0-C-R?

. H
CyHons10*, m/z 31, 45, 59
33 3TUM I'OMOJIN30M HpOI/ICXOI[I/IT 3J'II/IMI/IHI/IpOBaHI/Ie AJIKECHOB, Kap6OHI/IJIBHBIX

IpyII, BOJBI.

H
) o

I\ 2
rT o R -RICH=CH,  HO=CHR’

[30 + R?]*
— 2
Q(oaz/R - R*CH=0 R'CH,CH,"
m/z 29, 43, 57

2. I'ereponutrueckuil pa3psiB CBA3U pu O-aToMe, MPUBOASIINNA K CUIIBHBIM

CHTHaJIaM aJIKWUJIbHBIX MOHOB.

2
~~\+ R* _RICH,CH,O R
1 2CH> |
RT ol H-C®
R3 RS  M/z29,43,57

3. Murpauus BoAOpoAa C OJHOBPEMEHHBIM SITMMHUHUPOBAHHEM MOJICKYIIbI
CTHpTA.

H

——

o+ R? 1 R?
Ot< -R CH2CH20H H G

s Mz 28,42, 56...

Cepuu uonos. Ankwibhbie ¢parmentsl CpHane (M/z 29, 43, 57...);
ankeaunbHbie cepun ChHo, (M/z 28, 42, 56...); xucnopoacoacpsKalime

dparmenTsl CyH20+10 (M/z 31, 45, 59...)
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B kadectBe mpumepa TPHBEACH MAacCC-CIIEKTP 6mMop-OyTHIITUIOBOTOBOTO
adupa, a TakKe cxema, OOBsCHAIONIAas 00pa3oBaHue (PparMEHTHBIX UOHOB C

MacCOBBIM 4rciioM 73 u 45 (cM. Taxke mpumep cTp. 91).

. (©)] (©)]
P P e O

miz 73 m/z 45
45
9
b: 100 3
g 3
2 i 73
= 31 cHoH 1
5 504297
& 3 ./ i 59 M- CH; M
- 1 Illl Iqllxl 1 _! N
0 L L L L L L B L R B R R R R N R RN R SRR RN R
30 40 50 60 wils 70 80 90 100

Puc. 2.10. Macc-cnekmp ¢ uonusayueti Y 6mop-6ymuismunioso2o6020 3¢hupa.

Apomamuueckue 3¢hupot

Monexynsapnoiti uon. VIHTEHCUBHBIN CUTHAI.

@paemenmayus. Or M otpeiBatorcs H (1), CO (Am 28), CHO- (Am
29). PaspeiB cBszu C-O u nexkapOOHWIMPOBAHUE TMPOIYKTOB pacrajaa ¢
MOCIIEAYIONUM JIETHAPOTEHUPOBAHUEM.

Cepuu uonos. Apomatuueckas cepusi: CoH, u CiHnyy (Mm/z 39, 51-53,
63-65, 75-77...).

Huwxe npencraBieH macc-CIEKTp aHW30Jia U cxema (parMeHTalluH,

0o0BsICHsIOIIAas 00pa30oBaHNE OCHOBHBIX HOHOB.

99



°+\ - CH,
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m/z 93 m/z 65
\-VCH 'CHzo -H
S
m/z 78 m/z 77
M*
108-]
® 100 3
5 3
§ E 65—| 78—I
E 50 1
] _: 39—|
= 4 51-| 93“|
] 5T
i 1 | 1 Ill Il L I
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Puc. 2.11. Macc-cnekmp ¢ uonuzayuen JY anuzona. Cxema Gpacmenmayuu
MONEKYNIAPHO20 UOHA.

KeToHBI

Anugamuueckue kemomwl

Monexynapuoiti uon. OTHOCUTEIIBHO MHTEHCUBHBIN CUTHAI.

®@paemenmayus. Pa3peiB cienyromert 3a C=0O cBs3bI0 — caMblid
BAKHBIN IIEPBUYHBIN rpolecc, 3apsan ocTaercs Ha

PE30HAHCHOCTAOMIIM3UPOBAHHOM aIlUINI-KaTHOHE:

R\ . . ® ®
ao i R—CEQ -~ R-C=Q
R

miz 29, 43, 57, 71...
3aTeM anuiabHbie HOHBI TEpstOT CO.

[TeperpynmupoBka Mak-JladdepTn npuBoauT kK 00pa30BaHUIO UOHOB

CnH2nO™ (Mm/z 58, 72, 86...).
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-+ H R 'b/H
R R CH,

@parmeHTanus yrieBOJOPOJHON LIeNK MOX0Ka Ha (pparMeHTaluio B
COOTBETCTBYIOIINX AJIKAHAX.
Cepuu uonos. llpeobnanarT MOCIETOBATEILHOCTH OCKOJOYHBIX

1oHOB CnHans+1 11 CyH2n 10" (B 060uX ciywasx m/z 29, 43, 57...); MaKCUMyMBbI

¢ uetHsIMH Maccamu CoH2n0™" (57, 72, 86...).

Apomamuueckue Kemonwl

Monexynapuwiti uon. UHTEHCUBHBIN CUTHAI.

®paemenmayus.  Ilpeobmamaer  o-pacmag ¢ 00pa3oBaHHEM
oenzomnpHoro wuoHa PhC=0 (m/z 105) (wacto ObiBaeT Haubosee
WHTEHCHUBHBIM) C TOCIEAYIOMHMM JACKapOOHUIUPOBAHUEM, MPHUBOMSIIAM K
(eHWIPHOMY HOHY C TMKOM MCHbIIICH MHTCHCUBHOCTH. B KadecTBe mpumepa
MIPUBEJICH MacC-CIIEKTP HECUMMETPUYHOTO KETOHA M cxeMa (parMeHTAaIlHH,

oOBsCHsIOIIas 00pa30BaHUE OCHOBHBIX MOHOB.

1051

100 1

_: 1391

E 77-|

] 216
N E r51 181 1
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Puc. 2.12. Macc-cnexmp ¢ uonuzayueti Y n-xnopbenzogenona, cxema ¢pazmenmayuu
MONEKVISAPHO20 UOHA.
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m/z 105 . m/z 139
0

e
W © o

Cl m/z 216
miz 77

® ®
@czo - _ m@czo
C=(

m/z 111

Ecnu ankuibHas 1emb CONCPKHUT TpH M 0OOJiee aTOMOB YIJIEPOJa,
MPOUCXOAUT TeperpynmnupoBka Mak-Jlahdeptn ¢  IIUMHHHPOBAHHEM
aJIKCHa, MPH TOM BO3HHKAIOT MAKCUMYMBI C YSTHOM MacCOM.

Cepuu uonos. Apomatuueckas cepust CoH, u CyHps (Mm/z 39, 51-53,
63-65, 75-77...).

AJbIeruabl

Anugpamuueckue anvoecuont

Monexynaprnoii uon. CUTHaN WHTEHCUBHBIA TOJBKO JUUISI MOJIEKYJ C
HU3KOW MOJICKYJISIPHOM Maccoit; oueHb craobii 1t Cy »g. [Tuk [M-1]F, Mmoxer
OBITH OoJee 3HaYnM, ueM M ™.

®@paemenmayus. Pa3pei cBszert C-H u C-C, crnenyronmx 3a aToMoM
KHCJIOpO/Ia, MPUBOIUT K ukam M-1 u M-R (m/z 29, CHO").

B amppermmax, comepxkammx 4 wu 0Oolee aTOMOB yTJepoja,
HaOmomaercss  meperpymnmnupoBka — Mak-Jlapdeptu, mpuBomsimas K

obpazosanmio CoHan ™. (M/z 28, 42, 56...) mx CoH200O™" (M/z 44, 58, 72...).

-+ H__R 4 H
i X
H -RHC=CH,  H XcH
|
R R
miz 44, 58, 72
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B anpmernmax ¢ HOpPManbHOHM IIETIBIO PACIO3HAIOTCS  CIEAYIOIINE
xapakrepuctuuekue nuku: [M-18] (snmmumuMpoBanme Bombl), [M-28]

(amumuHMpoBanue 3TwieHa), [M-43] (amumunupoBanue CH,=CH-O') u [M-

44] (snmumunupoanne CH,=CH-OH).

41-] 57_' /WO
R 3
& 100 ] 29 g ; HoxwmoBsiit asaerun
g - = OH CoH ;50
= . ‘J M.m.: 142
; : 98
5 507 IM-44 M -CHy=CH,
= E 95 -
z |l | v/ 1 Pty
O "ll I=III1II'II"I'Illllllllll‘l””l””l lll'llIlllllllllllllllll||lll]lIl|IIIlII||l]llll'llllllllllflTTrllllIllll
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Puc. 2.13. Macc-cnexmp ¢ uonusayueti Y HoHu108020 anvoe2uoa.

Cepuu wuonos. IlpeobnanaroT MOCIEAOBATEIBHOCTH OCKOJIOYHBIX

noHOB CyHant1 w CiH2n-10 (B 00oux citydasx m/z 29, 43, 57...).

Apomamuueckue anvoezuonl

Monexynsapuoiti uorn. CUrHajl OTHOCUTEJIBHO WHTEHCHUBHBIN. OOBIYHO
3HaueHUe uMeet nuk [M-1]".

@paemenmayus. XapaxktepHas noteps H: mpuBoauT xk oOpa3oBaHUIo
cooTBeTcTByROIEro OenzomwnpHoro wuona (Ph-C=0%), kotopslii Bcernma
uHTeHCcuBeH. llocnenyromiee nekapOOHUIMPOBAHUE JaeT (PEHUJIbHBIM HOH
(m/z 77), xoTopslli B CBOIO OYepeib DUMHUHHUPYET alleTHIICH, 00pa3ys HOH
C4H3+ (m/z 51)

Cepuu uonos. Apomatuueckas cepus CoH, u C Hy.y (Mm/z 39, 51-53,
63-65, 75-77...).
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KapOoHoBbIe KHCJIOTHI

Anugamuueckue Kuciomaot
Monexynsapuoii uon. O6bIMHO PETUCTPUPYETCS.
®paemenmayus. Pazpei cBsizu C-CO npuBOIUT K YaCTUIIAM C COXPAHEHUEM
3apsifa Tud0 Ha KHciopojcoaepkamux (pparmenrax (m/z 45, 59, 73, 87...),

a100 Ha aIKUIbHBIX PpparmenTax (M/z 29, 43, 57, 71, 85) (puc. 2.14, 2.15).

Hanbonee xapakTepUCTUYHBIMHU (3a4aCTyl0 MAaKCHUMAJIbHBIMH) SBISIOTCS

nukn ¢ m/z 60, 74, 88..., 0OyCIOBIICHHBIC IEpPErpyIIUPOBKO Mak-
JlabdepTu:
®
. -+ _H _H
oR _RHC=CH, )0\ )Ol\
HO HO™SCH HO™ “CH
R R R

JIByXOCHOBHBIE KHCIOTBHI OOBIYHO MMEIOT HU3KYIO JETYYECTh, U IS
YBEJIMYEHUS JIaBJICHUS TApOB UX [MPEBpAIalOT B CIOXHBIE S(QUPHI
(Hampumep, TPUMETUICWIWIbHBIE 3(pUphI). DTOT MpoIlecC HOCUT Ha3BaHUE

oepusamuszayust (0T HeM. Derivat — nmpousBoiHOE).

Apomamuueckue KapooOHOGblEe KUCTOMbL.

Monexynapuwiti uon. IHTEHCUBEH.

@paemenmayus. Tloreps OH* nmpuBoAWT K mosiBieHUI0 noHa [M-17]"
(XapakTepHbIil MMHK), TMOCIeAyIollee ackapOoHWIMpoBanue (Am 28)
obecnieunBaeT oOpazoBaHue GEeHUILHOrO HOHA (MeHee MHTeHCHBEH). [loTeps
CO.H Taxxe MpUBOIUT K TOSBJIICHUIO XapaKTePUCTHUECKOTo noHa [M-45].
Ecniu npucyrcTByeT opmo-3aMecTHTeNb, COACPKAIIMN CHOCOOHBIA K

nepeHocy arom H, TO mpoucxXoaMT SIMMHUHHUPOBAHUE BOJbI (OJHA U3
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pPa3HOBUIHOCTEH meperpynmnupoBkun Mak-Jladhdeptr) u obpasoBanue [M-

18]

O-H 0 o m/z 118 pnsa X = CH,
- - HOH
OH m/z 119 gna X = NH
Cs
o) O m/z 120 pna X=0

OnwucanHas pparMeHTanus XapakTepHa TOJBKO IS Opmo-U30MEpOB,
YTO MMO3BOJISIET MX OTIUYUTH OT Memd- U Napa-u30MepoB.

Cepuu uonos. Apomatuueckas cepust CoH, u CyHns (Mm/z 39, 51-53,
63-65, 75-77...).
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HS-NU-0323 120
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Puc. 2.14. Macc-cnekmp ¢ uonuzayueu 3Y canuyunogou kuciomei.

100
HS-Ny-2002
121 138

80—

60

40
- 93
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Puc. 2.15. Macc-cnexmp ¢ uonusayueti Y n-2uopoxcubden30unol KUciomsl.
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Cioxnbie 3GuUpbl KAPOOHOBBIX KHCJIOT

Chosrcnule 3hupol anughpamuueckux Kuciom.

MonexynapHoiii uon. OOBIYHO PA3IUYUM.

®pacmenmayusa.  Haubonmee  xapakTepHbI MUK
neperpynnupoBkoit Maxk-Jlapdepru:

H H

@
-+ H R _ hb/ o
O‘_/ - RHC—CHZ )\ )l\ .
RO RO \CI:H HO (.:H
R R R

00ycoBJIEH

B cnekrtpax MeTWIOBBIX 3(HUPOB, HE HMEIONIMX pAa3BETBIEHUS Y O-

yIJIEPOJHOIO aroMma, HaOJI0JaeTcsi MHTEHCHUBHBIA THK ¢ M/z 74,

00yCIIOBJIEHHBIN HOHOM:

o4 /H
O

H3;CO CHy, miz 74

B obmem, B cnektpe cioxnoro 3¢gupa R-COOR’ MOXHO 0OXKHIATh

IMOABJICHUA CIACAYIOIINX HOHOB!

e R" oOHapyxHBaeTCsi B MacC-CIEKTPax CIOXKHBIX 3(UPOB ¢ KOPOTKO

L[ENBIO;

e yon [C(=0)OR’]" He wumeeT OOJBIIOrO 3HAYCHUS,

METHJIOBBIX dpUpax y3Haercs jierko (M/z 59);

OJHAKO B

e R-C=0" pacnoznaercs Jierko. B MeTroBbIxX 3hupax oH HaOIIOgaCTCS

npu [M-31] (M-OCHs), nipu 3Tom non [OR’]", kak mpaBuiio, He UMeeT

OOJIBIIIOrO 3HAYCHUA.

Jlanee kapTuHa ¢parMeHTalMM 3aBUCUT OT TOTO, KaKas 4acTh MOJICKYJIbI

(KUCTIOTHASsT WM CHUPTOBAs) COJMCPNKHUT OOJBIIWNA ATKUIBHBIN pajuKal.

Bosiee mompoOHO ATOT BOMPOC CIEAYET PACCMOTPETh C HUCIOJIb30BAHUEM

auteparypsi [1, 3].
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Cnoocnole 9¢upbl apomamuidecKux Kuciom

Monexynapuwviti uon. UHTEHCUBHBIN CUTHAJ.

®paemenmayus. llpeobnamaer moteps RO ¢ obpasoBanumem
OCH30MIILHOTO MOHA (ocHOBHO¥ UK), 3aTeM IPOUCXOIHT
nekapOoHmpoBanue (Am 28) u moTeps aneTmieHa (Am 26).

Otmerienne COOR mpuBOIUT K TMOSBICHHUIO JIPYroro MHTEHCUBHOTO
MUKa; B METWJIOBBIX 3(upax - 3o ik [M-59].

N3 opmo-3amemiennbix OenzoaroB snuMmunupyetr ROH, mo mexanusmy,
OTMCAaHHOMY BBIIMIE (CM. M. «ApPOMAaTHYECKHE KHUCIOTBI»), B MacC-CIEKTPE
MetuiacanuimiaTa (puc. 2.16) 3To MakcuMalibHBINA TUK ¢ M/Z 120, nanee 3ToT

noH tepster CO, naBasi MHTEHCUBHBIN KK ¢ M/Z 92.

100 —
MS-NU-1512 120

80 —
92
60—
1 152
40 —

39 65
20—
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ol
25 S0 75 100 125 150

m/z

Puc. 2.16. Macc-cnexmp ¢ uonusayueii 3Y memuicaruyuiama.

Cepuu uonos. Apomatuueckas cepusi CoH, u CyHps (Mm/z 39, 51-53,
63-65, 75-77...).
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AMHHBI

Hacvuuennvie anugpamuueckue amunol

Monexynapnoii  uon. IlUK MOJEKYJISIPHOTO HOHAa TEPBUYHOIO
anu(paTUIECKOr0 aMHWHAa HMEET HEYETHOE 3HAYE€HHWE MAaCcCOBOIO 4YHUCia
(«A30mHoe npasuno»), OOBIYHO cJIaO0ONW WMHTEHCUBHOCTH WJIM BOBCE
OTCYTCTBYET.

@paemenmayus. Ilpeobiamaer mOTEps aTKWIBHBIX OCTaTKOB IIPHU
paspsiBe cBsa3u C-C, cocenneit ¢ aromoM azota (npasuio §). s nepBUUHBIX
aMHMHOB, HEPA3BETBJCHHBIX y 0-aToMa yriepoja, 310 muk ¢ m/z 30
(CH2NH2Y).

Bonee kpynHble 3aMECTUTENH OTUICIUISIOTCS B MEPBYIO OYepelb
(npasuno 1). Ecnm mpucytcTtByroT y-H, TPOMCXOAUT 3IMMHUHUPOBAHUE

AJIKEHOB B pe3yJibTare neperpynnuposku tuna Maxk-Jlagdepru:

Z-T

H
3
RL C\ R -R® RL/\ - R1-CH=CH,
A [
NSt N._»
"R? ® R

OnumunupoBanue NHiz, RNHz, RR’NH ot nepBu4HbBIX, BTOpUYHBIX U

=

“R2

@

TPCTUIHBIX AMHHOB COOTBETCTBCHHO HpeHe6pe)KI/ITeHBHO MalJio.

Cepuu uonos. ®parmentsl tuna CpHanoN ¢ yeTHbIMEH Maccamu (M/z

30, 44,58, 72, 86...).

Apomamuueckue amunvl (AHUTUHDL)

Monexynsapuoiti  uon. VIHTEHCUBHBIN, e€clIM HET anudaTUueCKux
3aMecTuTeNed ¢ Oosiee yeM OAMH aTOM YIJIEpOJa; B MPOTHBHOM Cllydyae —
CpeIHUI WU CIa0bIil (HEYeTHOE MacCOBOE YHUCIIO).

@paemenmayus. OTPBIB OJHOTO aToma BOJOpoAa jaaeT muk [M-1]

yMepeHHOM WHTEHCHUBHOCTH. OTpbIiB HeWTpanmbHOU Modekynsl HCN u
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MOCIICAYIONUN OTPHIB aTOMa BOJIOPOJIa — 3aMETHBIC XapaKTEPHbBIC MUKHA C
M/z 66 1 65 COOTBETCTBEHHO.

Cepuu uonos. Apomatuueckas cepust CoH, u CyHn: (m/z 39, 51-53,
63-65, 75-77...).

100+ 93
H5-H-0082

80—

60 —

40—

65

20—

39
1 66

il L1l al
tH Ht

M| | .
0 = e e

P

10 20 30 40 S0 60 70 80 20

m/z

Puc. 2.17. Macc-cnexmp ¢ uonusayueti Y anununa.

AMMUIBI

Anugpamuueckue amuowl.

Monexynapuuiti uon. UHTEHCUBHOCTH 3HAUMTEIbHASL.

®paemenmayus. Ilpeobnagaromuii Tin (QparMeHTAIlUU 3aBUCUT OT
JUIMHBl allMJIbHOM 4YacTH MOJIEKYJIbl, a TakKe€ OT CTENEeHU 3aMEelICHUS
aMUJTHOTO a30Ta ¥ BEJTMYUHBI AJIKUJIbHBIX 3aMECTUTEJIEH TTPU HEM.

[Tepeuunbie amuapl ¢ Ci-C3 U aMuJ M30MACISIHOW KHUCIOTHI JArOT

MaKCUMAJIbHBIN UK ¢ M/Z 44;

.
o R ®
_C. 0=C=NH,

R NH,
m/z 44
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B nepBuunbix ammmax ¢ C > 3 (Hepa3BeTBICHHas IICIIb)

MaKCUMaJIbHBIN UK ¢ M/Z 59 ;

®
OH
I On oOpasyercs B pe3yibTaTe MNEperpynmnupoBKu Mak-

" _C.
HC NH2 - Tagpdpeptn. Ilpm pa3BeTBICHMH y 0O-yIIEpPOAHOTO AaToOMa
BO3HHUKAIOT TOMOJIOTHYECKHE ITMKK MOHOB ¢ M/Z 73, 87...

[Tuk yMepeHHOH HMHTECHCHUBHOCTH ¢ M/zZ 86 mosBisgercs Ojaromaps

pa3pbIBY Y,0-CBsI3€i M BO3MOXHOW ITUKITU3AIIMCH:

NH o
o-¢ g —R o%Nj

\_/_
m/z 86

JAI0T JIOMUHUPYIOIIMK MUK, OOYCIOBICHHBIN meperpynnupoBkoit Mak-
Jlapdpeptn. B npyrux ciaydasx ¢parmeHtranus wuaeT mo-uHomy [3], ¢

obpaszoBanuem nona “NH,=CH, (m/z 30).

AMuowl apomamuueckux Kuciom.

Monexynapuoiti uon. UHTEHCUBHBIM CUTHAI.

@paemenmayus. MakcUMallbHbIE TIMKH BO3HHMKAIOT B pe3yJbTare
pa3pblBa aMHUJIHOM CBs3M ¢ oOOpa3oBaHWEeM OCH30MJIBLHOIO KaTHOHA |
nocieayronero aekapooHmmupoBanus. Ha puc. 2.18 mpencraBieHa cxema
dbparmeHTanuu O€H3aMH1a U €r0 MacC-CIEeKTP.

Cepuu uonos. Apomatuueckas cepust CoH, u CyHpy (Mm/z 39, 51-53,
63-65, 75-77...).
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Puc. 2.18. Macc-cnexmp ¢ uonuzayueti DY 6enzamuoa u cxema, O00bACHAIOWA
obpazosanie 21ABHbIX YPASMEHMHBIX UOHOS.

Hutpuisl

Anugpamuueckue numpuJisl.

Monexynapnoii uon. Cnadblii UM OTCYTCTBYET.

@pacmenmayus.  IAUMUHUPOBAHUE  AJIKUJBHBIX  pPaJUKAIOB C
obpazoBanuem uoHOB (CH2),CN*™ (m/z 40, 54, 68...). IleperpynmupoBka
Mak-Jladdeptu npuBoaut k CR,=C=NH"" (m/z 41 nns R = H).

Cepuu uonos. IIuku HACBIIIEHHBIX W HEHACBIIMIEHHBIX HMOHOB

peuMyIIeCTBEeHHO B 001acTu Mainbix Mace (CnHansa m/z 29, 43,57... 1

CnHZn_l 27, 41, 55)

111



Apomamuueckue HuUmpublL.
Monexynapuuiti uon. Yacto MakCUMallbHOM MHTEHCUBHOCTH.
@pacmenmayua. IlocnenoBarenbHoe snumuHupoBanne HCN u

AllCTHUJICHA.

Cepuu uonos. Apomatuueckas cepusi CoH, u CyHps (Mm/z 39, 51-53,
63-65, 75-77...).

HHTpOCOCI{I/IHeHHﬂ

Anugamuueckue Humpocoeounenus.

Monexynapnoii uon. Iluk cnaOblil UM OTCYTCTBYET.

@paemenmayus. 1'naBHble THKU OOYCIOBIEHBI YIIJIEBOJOPOIHBIMU
¢parmentamu BIioTh 10 [M-NO]. Hutporpynma oOHapyxuBaeTcsi o
uHTeHCcuBHOMY MKy uoHa ¢ M/z 30 (NO¥) u mMeHee WHTCHCUBHOMY ITHKY
noHa ¢ m/z 46 (NO_").

Cepuu uonos. (CoHansat CoHana; m/z 43, 57, 71... m 41, 55, 69...).

Apomamuueckue HumpocoeouHeHus.
Monexynapuwiti uon. IHTEHCUBHBIN UK.

®Dpazmenmayus. 3HaYUMBbIC 7151 UAeHTUPUKAUU TUKH (puc. 2.19):

e [M-46] (B HUTPOOEH30JIe MAaKCUMAJIbHBIN) 00YCIIOBIICH
snmumuHupoBanreM NO:. OTiiemieHre MOJEKyJbl aneTuicHa oT [M-46]
MPUBOJIUT K TOSIBIICHUIO HHTCHCUBHOTO TTuka [M-72];

e [M-30] o6ycnosnen o6pasoBanreM (GeHOKCH-KATHOHA B PE3YILTATE

smumuHupoBanus NO C nanpHe#e neperpynnupoBkoid. [lpu ormeniennu
CO ot nona [M-30] Bo3uukaet nuk [M-58];

e ik ¢ m/z 30, oOycnoBnenHsiii nvoHoM NO™.
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Cepuu uonos. Apomarndeckas cepust CoH, u C,Hn:; (m/z 39, 51-53, 63-
65, 75-77...).
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Puc. 2.19 Macc-cnekmp ¢ uonusayueti Y numpobenzona (monexkyasipHulil uon 123).

I'ajorencoaep:kamme coeTMHEHHUSI

Macc-cniekTpoMeTpusi  SBJISIETCSI HAJIEKHBIM METOJOM yCTaHOBJICHUS
NPUCYTCTBUSI XJIOpa U OpoMa B MOJIEKYJIE OPraHMYEeCKOro coeauHeHus. B
Macc-CIIEKTpax COCIMHEHWH C OJHMM aToOMOM XJopa, Omarogaps
IPUCYTCTBUIO MOHA ¢ u3oTonoM °'Cl, Bo3HukaeT muk M+2, HHTEHCUBHOCTb
KOTOPOTO paBHA MPHUOJM3UTEIBHO TPETH HHTCHCHUBHOCTH MOJICKYJISIPHOTO
noHa. CoelMHEHHE C OJHUM aTOMOM OpoMa JEMOHCTPHUPYIOT MUK ¢ M+2,
MOYTH PAaBHBIA TIO WHTEHCUBHOCTH TIMKY MOJIEKYJISIPHOTO HWOHA U

OTHOCSIIMICS K MOJIEKYJIIPHOMY HOHY € M30TOIIOM S1Br,
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B menom, ymcio aromoB xjopa u (wiam) OpoMa B MOJEKYJIE MOIKHO
OMpENEINTh IO YHUCIY TIHKOB, OOJIBIIMX [0 Macce IO CPaBHEHUIO C
MOJIEKYJISIPHBIM UOHOM. Tak, Tpu aToMa XJiopa B MOJIEKYJIE 0T MUKU M+2,
M+4 u M+6. Ha puc. 2.20 npeacraBiaeHbl Habopsl mukoB M, M+2, M+4 ...

JUISL COEIMHEHUH ¢ pa3IMuHOM KOMOMHAIIMEe aTOMOB XJjIopa U Opoma.

200

150

WUHTeHCHBHOCTD, %

100 OtcyTeTBYIOWLMIA
MK
= M+2 M+4 M+6 M+8 M+10 M+12
= ||/ / / / /
0 | l . | | |
Cl Cl, Cly Cly Cls Clg
300
R
5 250 M
=) +4
[ p—
= 20 M2 M+4 M+6 /
5 50 / /
5
= 00 M+4 M+6
T 4
% ) /
0 l l
Br Br, Br; BrCl BrCl, Br,Cl

Puc. 2.20. Pacuemnvie nabopwr nuxoe M, M+2, M+4... ona coedunenuti ¢ pasiuyHou
KOMOUHayueti amomos xaopa u 6poma (UHMeHCUBHOCMb NUKO8 8 %o OMHOCUMENbHO NUKA
MOEKYIAPHO20 UOHQ).

Anugamuueckue 2anozenuowl.

Monexynapuoiti uon. VIHTEHCHUBHBIM TIMK IS MajblX aJIKaHOB C
BO3pacTaroleid MHTeHCUBHOCTHIO B psany F, Cl, Br, |. MaTeHCHMBHOCTD TIagaeT
0 MEpEe YBEJIMYECHHS MaCChl M PA3BETBICHHOCTH YTJIEBOJOPOJHOIO
paaukana.

@pazmenmayus. BO3MOXHBI CIEAYIOIIME HAPABIICHUS

e moreps paaumkana rajgoreHa (F < Cl < Br < 1) ¢ mocieayroumm

OJIMMHUHHUPOBAHUEM AJIKCHOB,
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L4 OTpBIB AJIKHUJIBHOI'O paI[I/IKaJ'Ia nu ,ZI&JIBHGI\/'IH_IGG OTHICIIJICHUC KUCJIOTHI
HHal:

¢ TIOTCPA KHUCJIOTHI C 06p2130BaHI/ICM AJIKCHOBOT'O KaTHUOH-paArKala.

Cupuu uonos. Ilpeodnanator ankeHwibHble cepun CpHana (27, 41,

55...).
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Puc. 2.21. Macc-cnexmp ¢ uonusayueii 3Y n-opombymana.
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Apomamuueckue 2an02eHuobwl.

Monexynsapnoiti uorn. OOBIYHO OYCHH UHTEHCUBHBIH.

®@paemenmayus. IlocnemoBarenbHas TOTEpS paaUKaJOB TajOTCHA
u/wn xkucnotrel HHal. B ciiyuae ankunbHbix 3amectuteneii ¢ Cp>1 OCHOBHOM
MUK BO3HUKAET B pe3yJIbTaTe OCH3MIBHOTO paciaja.

Cepuu uonos. Apomatuueckas cepust CoH, u CyHps (Mm/z 39, 51-53,
63-65, 75-77...).
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Puc. 2.22. Macc-cnexmp ¢ uonusayueii Y 6pombenzona.
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IIpuMepsI perieHus 3aaa4
3agaya 1
CocraBpTe cxemy (parmeHTanuu OyTHpOPEHOHA, Macc-CIEKTP

KOTOPOTIO IMPCACTABJICH HUKC.

100 - L%

o0 108
so
70 77
&0 .
so — -C L H,
40 -co
—
30 “CaH,
20 R -CLH
10 | —_— " 14®
o + . VI | N et . —l } ' ' L,
20 230 40 S0 0 70 B8O SA 100 110 120 130 140 150
m'z

Puc. 2.23. Macc-cnexmp c uonuzayueii 3y 6ymupogenona.

OtBet: Cxema gparmenrtanuu 0ytupodeHoHa

C3H,CO*

7 71 o+ PhcoO*
m'z - m/z 105
Ph'C_CHz'CzHS l
m/z 148
CsH7* ph* —— miz51
m/z 43 j - CoHy miz 77
N
(?H
Ph-J?—éHZ
m/z 120
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3agaua 2.

Unentudunupyiite  coequHeHue, Mmacc-ciektp Y  KOTOporo

IMpCACTABJICH HUKC!

100 1 1% 43 miz | L% || mk | I %
o 15 | 431]| 42 | 3,12
:g ] 26 1,12} 43 |100
40 27 | 8,34} 44 2,23
30 1 2 28 | 3,25| 57 | 8,87
10 - 57 29 | 17,6 71 1,29

° 20 Ilslu :t'ol l 50 I 60 70 39 2,78 72 | 25,0
41 1,03 73 1,11
m/=
OrTBeT.

[Tuk ¢ M/z 72 ynoBieTBOpsIET KPUTEPHUSIM, IJISl TOTO, YTOOBI €r0 MOKHO
OBLJIO paccMaTpuBaTh B KaudecTBe MoJekyisipHoro. I[lo mnmky M+1
YCTAaHABJIMBAEM MAaKCHUMaJIBHOE KOJIMYECTBO aTOMOB yriepoja (cMm. TaOJl.

IUKOB U CTp. 79):

25.0 — 100%
1.11 - x%
x=4.44

Onpenenserca KOIUYECTBO aTOMOB yriaepona =4.44 : 1.11 = 4.

Hamee, wucnons3yss Tabmuiy «TodHBIE BENIMYMHBI Macc IS
onpeaenenus popmym» [3], npeanonaraem 6pyrTo-hopmyiry C4HgO.

[To MHTEHCUBHOCTH TUKa M/Z 44 MOXHO CIeNIaTh BBIBOJI, YTO HOH C
m/z 43 (makcumanbHbIi) umeer coctaB CoH3O u oOpasyercst B pe3ynbrare
SIIMMUHUPOBAHUS STHIBHOTO pajukaia u3 M*', a uon ¢ m/z 29 npenacrasniser
coOoit atri-kaTtuoH. ClieJoBaTeIbHO, Ha PUCYHKE MPEICTABICH MAcC-CIEKTP

OyTaHOHa-2.
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Bonpocel 1 3a1a4n 1191 CAMOKOHTPOJISA:
1. Yto Ha3bIBaeTCs SHEPTUEH HOHU3AIMH?
2. Kak o0pa3yeTcst MOJEKyIApHBIA HOH?
3. Kakwue 3agaun pemaer Macc-CieKTpoOMeTpUst?
4. Ot 4ero 3aBUCUT UHTEHCUBHOCTb IIMKA B MacC-CIEKTpe?
5. Kak oTpakaercs U30TONHBIN COCTaB 3JIEMEHTOB HA MACC-CIEKTPE
BelecTna’?
6. B kakom ciyyae criefyeT 0KUAATh MeperpynnupoBky Mak-

Jladbdeptu?

3anava 1.
Huxe npencrasien Macc-ciekTp DY OpraHu4eckoro COeAMHEHUs. Y KaXKuTe,
KaKOMY 3 TICPEUUCIICHHBIX HIKE COCTMHEHUIN MPUHAIIICIKHUT ITOT CHEKTP.
A) Oen3zoiiHas kwuciora, 0) o0-3TUI(EHOJ, B) O-METOKCUTONYOJ, T) K-
STUI(EHOI, A) GEHWIITUIOBBIA (UpP, €) n-TOTUIMETHIOBBIN dhup, k) 2-
(PEHUIITUIIOBBIN CIIUPT, 3) 1-(peHmTITUNOBBIN cupT, H) 2,4-nuMeTHII(heHo,

K) 2,6-aumeTriideHon.

100 1 L%
90 A
80 +
70 -
60
50 +
40 - 122
30
20 1 39 51 66 77

10 S
0 i 4 lnll ||I l'i 1 . |I| , i : . .I . 1

Ll T 1
10 20 30 40 50 60 7o 80 90 100 110 120 130

94

m/z

(OtBeT: OeHUIAITUIIOBBIHN dPUp)
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100 q
90 ~

100
90
80
70
60
50
40
30
20
10

3axaua 2

Nnentudunupyiite coequHeHne o CIEKTPY AIEKTPOHHOTO yaapa .

1%
172

20 40 60 80 100120140160180200
m/z

miz I, % miz I, %
27 (290 || 93 | 292
29 (34,5 || 94 | 4,24
38 198 || 117 | 489
39 (333 || 119 | 489
50 {202 || 120 | 1,63
s1 | 651f 143 | 931
53 | 544l 144 | 144
61 | 544l 145 | 891
62 1135 || 155 | 3,80
63 (399 || 157 | 4,07
64 [202 || 171 | 2,63
65 | 58,7 || 172 |100

66 | 489l 173 | 871
74 | 831/ 174 | 95,6
75 1137 || 175 | 6,51
76 (11,3 || 200 | 41,1
77 | 581|201 | 3,65
o1 | 3,62(| 202 | 40,3
92 | 621] 203 | 3,51

(OtBet: 4-BpoMpenmTuIOBBIN 3(uUp)

3agauya 3

Nnentndunupyiite coeAMHEHNE 10 CIIEKTPY AJIECKTPOHHOTO yapa .

7 I1,%

60

73

||| |”| l |
1 1 T
20 30 40

ml/z

(OtBeT: MacisiHasi KUCIIOTA)

50 60

a i 1
g

70

120

80

oFf

mz | L% || me | 1%
18 1,001 45 | 12,9
26 2,000} 55 5,50
27 | 16,4 || 60 |100
28 | 4,40|| 61 2,20
29 9,311 62 0,40
38 1,601 71 2,30
39 8,011l 73 | 30,0
40 1,30 74 1,50
41 | 16,8 87 1,80
42 116,0 88 3,12
43 | 14,8 39 0,14




3agaua 4

Nnentudunupyiite nuzomepusie 4-nponuiadeHon u GeHmImponuIoBbIi

a¢up no cnektpam Y.

100
90
80
70
60
50
40
30
20
10

| N N TN N IS S N - |

1,%

107

T TN T T TN N T B

20 30 40

1,%

50

60 70

80
milz

90

100

94

110 120

136

20 30 40

(Otgert: a - 4-ITponundenomn, 6 - peHUIMPONUIOBBIN 3PUp)

3agaua 5

Nnentndunupyite coeqUHEHUE IO CIIEKTPY JASKTPOHHOTO yapa .

50

60 70

& T
80
m/z

90

I 1)
% 153
77 92
64 123
I Il |I Il 1
40 60 80 100 120 140 160
ml/z

(OtBet: 4-Hutpoanuszon)

100

110 120

130

140

mez | L% || mz | 1%
37 | 2,09)| 77 | 46,5
38 | 7,59 78 4,39
39 | 3,79 79 2,39
41 | 579( 80 | 2,79
50 112,66 || 92 | 46,5
5L} 7,29( 93 | 3,39
52 | 4,19] 95 | 10,3
33 ) 3,50 96 0,66
61 | 2,09| 107 | 10,0
62 | 5,50 108 | 0,78
63 [21,0 || 123 | 28,6
64 1267 || 124 | 232
65 | 3,19] 137 | 4,39
74 | 5,50| 153 |100

75 | 5,39 154 | 8,24
76 | 589 155 [ 0,91
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IIpuMep perreHUs1 KOMILUIEKCHOM 3a1a4u

Coenunenune A o6meir ¢dopmynsl C;HgO, mnocne o06paboTku
MOJIUCTOBOAOPOIHOM KHcioToi oOpasyer coequnenue b (CeHgO2), koTOpoe
MIMPOKO HcToib3yeTcss B (ortorpaduu. Ha ocHOBe pe3ynbTaToB aHalv3a
merogom MUK-, AMP- cnektpockonuu U mMacc-CIEKTPOMETPUM YCTAaHOBUTH
CTPYKTYPHYIO (OpMYITy BelecTBa A.

[CsHe0p

Loo

S0

TRAMSHITTAMCE| 1

o T

T T T T T
4000 3000 2000 1500 Lo00 S00

HAVENUHBER! -1

UK-cnexmp sewecmea A, cuamuiti ¢ KBr

4H
6.8 ppm

3H
3.8 ppm

HSP-00-322 pprm

Cnexmp AMP *H sewyecmsa A (pacmeopumens CDCl3)
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ppm Int.

16354 220

14867 390

116.33 880

11519 1000

55498 v

T I T I T | T I T | T | T | T | T I T

QO 180 160 140 120 100 30 &0 40 20
COS-00-554 0m

Cnexmp AMP 3C sewjecmea A (pacmeopumens CDCls)

100 —
HS—Hi- 1470
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@
=)
|

Relative Intensity
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|
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|||| I
|||||||||||||
z0 30

40

20

B0

70

m/z

T T
380 a0 o0 110 120

Macc-cnexkmp ¢ uonusayueti 3y eewecmea A (monekynapuwiii uor 124)

TaOmuma nuKoB

m/z I, % m/z I, %
15.0 2.2 61.0 1.3
26.0 49 62.0 2.9
27.0 11.0 63.0 4.6
28.0 6.8 64.0 1.8
29.0 2.7 65.0 5.6
32.0 1.5 66.0 1.1
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m/z I, % m/z I, %
37.0 1.5 80.0 1.4
38.0 3.1 81.0 44.9
39.0 9.8 82.0 3.0
41.0 2.4 93.0 1.6
50.0 3.1 95.0 2.4
51.0 4.6 109.0 96.6
52.0 5.4 110.0 6.6
53.0 14.7 123.0 2.1
54.0 4.5 124.0 100.0
55.0 3.8 125.0 7.6
Pemienue:
BemiectBo A — KHCIOpOJACOJEpKAIME COCNUHEHHE (U3 YCIOBHS

3a/1a49H).

BemectBo A He sBJIfIeTCSl ANbJIECTUIOM, KETOHOM, KapOOHOBOM
KUCIIOTOW WJIA TMPOU3BOJHBIM KapOOHOBOW KHUCIOTHI (OTCYTCTBHE B
UK-cniektpe B obmactu 1650 — 1700 cm? monocel mornomienws,
xapakTepHoi st C=O-rpyIib).

BemectBo A — mpousBogHOoe OeH30y1a (MOJOCHI TOTJIOIMICHUS B
oomactu 3000 cm?! u 1500 cm? , curman B o6mactu 6.8 M.a. (CreKTp
'H) u curnansl npu 115 u 116 m.a. (13C), apomatrueckas cepus HOHOB
m/z 39, 51-53, 63-65 (macc-cnekTp).

. BemectBo A B ctpykType mmeer rpymmy OCHs (muk ¢ m/z 109,
curnan npu 3.8 m.a. (*H), 56 u 145 m.1. (BC).

BemectBo A — 3amenieHHbIi GeHon (¢ yueroM OpyTTo-hOopMYyIIbI, II.
4, mupokas 1moJioca norjomenus B oomactu 3200 cm, MonekynsapHbIi
VOH CaMblil MHTEHCHBHBIN, curHai npu 5.6 m.a. (*H), 152 m.a. (BC).

CoenuHeHUE SBISETCS n-METOKCH(EHOJOM (CHHTIICT™ mpu 6.8 M.I.
(*H), n-meroxcudpenon mnpu oOpabdorke HI mpespamaerca B
TUAPOXUHOH — MPOSIBUTENH B (hoTorpadun).

*MeToKkcu-TpylnTia ¥ THUAPOKCHIIBHAS TpyIa O00JagaloT CXOKUMH
AIIEKTPOHHBIMU XapaKTEPUCTUKAMH, B CHIIy 3TOTO, YEThIpEe MPOTOHA
OE€H30/IbHOTO KOJIBI[A UMEIOT OJIM3KOE 3HAYEHUE XMUMHUUYECKUX CIBUIOB

U B nipejicTaBiieHHOM criekTpe [IMP HaGto1at0TCsl B BUIE CUHTIIETA.

OTtBeT: n-MeTOKCHU(EHO.T
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